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EDITOR'S    PREFACE. 


Dr.  Fresenius  has  prefaced  hi&  work  in  his  own  language  with 
a  few  remarks  which,  however  apposite,  and  suitable  to  German 
readers,  I  am  nnable  to  adopt  without  substituting  for  his  descrip- 
tion of  what  is,  a  statement  of  what  ou^ht  to  be,  the  state  of  che- 
mical science.  He  observes,  that  the  times  are  past  when  men 
who  aspired  to  the  title  of  Chemists  can  be  satisfied  with  a  know- 
ledge of  mere  results,  without  an  acquaintance  with  the  methods 
of  research,  and  the  power  to  pursue  for  themselves  new  disco- 
veries. Whilst  I  am  quite  ready  to  acknowledge  my  belief  that 
we  have  arrived  at  the  dawn  of  the  brighter  period,  I  must  con- 
fess myself  unable  to  find  in  English  scientific  literature,  any 
evidence  of  a  wide-spread  habit  amongst  those  who  undertake  to 
teach,  of  qualifying  themselves  for  the  office  by  laborious  applica* 
tion  in  the  laboratory.  The  folly  still  prevails  of  supposing  that 
chemistry  can  be  learned  by  attendance  on  lectures ;  and  so  it 
can,  equally  with  the  manufacture  of  watches  and  steam  engines, 
and  the  guidance  of  ships  over  the  ocean.  A  course  of  lectures 
teaches  more  or  less  about  chemistry ;  a  few  pretty  experiments 
serve  to  give  the  student  certain  general  nations  which  may  be 
useful  to  him  before  entering  upon  its  stud^.    When  he  has 
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resolved  on  this,  he  can  find  no  guide  comparable  to  Dr.  Frese- 
nius's  work  entitled  "  Elementary  Instruction  in  Chemical  Ana- 
lysis." That  work  teaches  him  what  experiments  he  must  make 
to  learn  the  characteristic  properties  of  bodies;  and  when  he 
has  acquired  this  knowledge,  what  methods  he  must  pursue  to 
detect  the  presence  of  substances,  existing  together  in  combina- 
tion or  mixture.  So  that  any  kind  of  matter  commonly  met 
with,  whether  soil,  mineral,  or  artificial  production,  falling  into 
the  hands  of  the  student  who  has  advanced  thus  far,  he  can 
analyse  it  qualitatively.  He  can  discover  infallibly  what  the 
materials  are  of  which  it  is  composed. 

But  the  next  step  embraces  a  second  capital  division  of  the 
science.  It  now  becomes  the  problem  to  determine  the  quantities 
of  every  ingredient  present  in  any  given  compound.  And  the  pur- 
pose of  the  present  work  is  to  teach 

Quantitative  Analysis. 

For  the  task  of  composing  such  a  work,  Dr.  Fresenius  is  emi- 
nently qualified.  He  is  well  known  throughout  Europe  as  one  of 
the  most  successful  analysts  of  the  age.  The  extensive  acceptation 
of  his  first  work  induced  him  to  proceed  in  composing  the  present, 
which,  while  it  in  one  sense  is  a  sequel  to  the  former,  (the  two 
together  constituting  a  manual  of  analytical  chemistry,)  is  in  itself  j 

a  complete  work. 

The  author  very  properly  and  justly  observes,  that  his  system  is  i 

calculated  to  abridge  and  facilitate  the  labours  of  professors  in  prac-  , 

tical  teaching,  whilst  it  enables  a  student  to  make  safe  and  satisfac- 
tory progress,  even  when  he  is  unable  to  obtain  professional  instruc-  i 
tion.    He  says,  that  in  the  progress  of  his  task  he  found  most  works 
on  chemistry  far  more  at  variance  with  truth  than  he  had  previously 
imagined,  and  therefore  he  was  compelled  to  institute  a  vast  num- 
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ber  of  experiments,  to  satisfy  himself  respecting  the  true  value  of 
methods  and  processes.  To  verify  every  statement  by  actual 
experiment,  was  of  course  out  of  the  question,  but  he  has  done 
so  with  by  far  the  greater  majority. 

I  confess  that  I  am  proud  of  the  honour  of  presenting  such  a 
work  as  the  present  to  the  English  student  of  chemistry.  Its 
merits  are  of  the  highest  order.  The  arrangement  is  simple, 
methodical,  and  consecutive.  The  theoretical  explanations  are 
appropriate,  clear,  and  intelligible;  the  language  plain,  and  the 
directness  and  honesty  of  purpose  which  are  displayed  throughout, 
must  commend  it  to  every  one  who  proceeds  far  enough  in  che- 
mistry to  meet  with  difficulties,  and  who  can  appreciate  a  qualified 
guide  to  conduct  him  through  them.  The  special  methods,  for 
analysing  soils,  ashes  of  plants,  mineral  waters,  &c.  will,  1  am 
sure,  be  very  acceptable  to  English  chemists. 

In  conclusion,  I  must  express  my  regret  that  my  business 
avocations  have  caused  a  rather  longer  list  of  errata  than  usual ; 
a  few  errors  of  the  press  remain  uncorrected,  but  they  do  not 
afifect  the  sense  of  the  context.  The  reader  may  correct  the  text 
in  a  very  short  time ;  and  I  can  only  beg  his  indulgence  on  the 
ground  of  the  severity  of  the  task  imposed  on  a  translator  and 
editor  of  so  extensive  and  profound  a  work. 


J.  LLOYD  BULLOCK. 


22,  Conduit  Street, 
May,  1846. 
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INTRODUCTION. 


In  my  treatise  entitled,  '*  Elementary  Instruction  in  Qualitative 
Chemical  Analysis/'  I  have  stated  that  analytical  chemistey 
comprehends  two  branches,  viz.,  *^ qualitative  analysis"  and 
" quantitative  analysis"  and  that  the  object  of  the  former  is  to 
ascertain  the  individual  kind  and  nature,  that  of  the  latter  to 
determine  the  absolute  and  relative  quantity  or  proportion  of  the 
several  component  parts  of  any  given  compound* 

By  QUALITATIVE  ANALYSIS  WO  couvert  the  unknown  constituents 
of  a  given  compound  into  certain  forms  or  combinations,  with 
the  properties  of  which  we  are  acquainted ;  and  we  are  thus 
enabled  to  draw  correct  inferences  respecting  the  nature  of  every 
individual  constituent  of  the  compound  in  question. 

Quantitative  analysis  consists  in  converting  the  known  con- 
stituents of  a  given  compound  into  such  forms  or  combinations 
as  will,  in  the  first  place,  admit  of  the  most  exact  determination 
of  their  weight,  and  of  which,  moreover,  the  relative  and  combin- 
ing proportions  are  accurately  known.  These  new  forms  or 
combinations  may  be  either  educts  from  the  analysed  com- 
pound or  mixture,  or  they  may  be  products.  In  the  former 
case  we  have  simply  to  weigh  the  eliminated  substance,  since 
its  ascertained  weight,  of  course,  supplies  at  once  the  direct 
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expression  of  the  quantity  or  proportion  in  which  it  existed  in 
the  compound  under  examination ;  whilst  in  the  latter  case,  that 
is,  when  we  have  to  deal  with  products,  the  quantity  or  propor- 
tion in  which  the  eliminated  constituent  was  originally  present  in 
the  analyzed  compound,  has  to  be  deduced  by  calculation  from 
the  proportion  in  which  it  exists  in  its  new  combination. 

The  following  example  will  serve  to  illustrate  these  points : — Sup- 
pose we  wish  to  determine  the  proportional  amount  of  mercury  con- 
tained in  the  perchloride  of  that  metal ;  now,  we  may  do  this 
either  by  precipitating  the  metallic  mercury  from  the  solution  of 
the  perchloride,  by  means  of  protochloride  of  tin,  or  we  may  attain 
our  object  by  precipitating  solution  of  perchloride  of  mercury 
with  sulphuretted  hydrogen,  and  weighing  the  precipitated  bisul- 
phuret  of  mercury.  100  parts  of  perchloride  of  mercury  consists 
of  74*08  of  mercury  and  25*92  of  chlorine ;  consequently,  the  pre- 
cipitation of  1 00  parts  of  perchloride  of  mercury  by  protochloride  of 
tin  will  yield  74'08  of  metallic  mercury,  which  is  ascertained  by 
simply  weighing  the  precipitate.  The  precipitation  of  the  same 
amount  of  perchloride  of  mercury,  by  means  of  sulphuretted 
hydrogen,  yields  86'838  of  bisulphuret  of  mercury. 

Now,  in  the  former  case  the  figure  74*08  expresses  directly  the 
proportioned  amount  of  mercury  coutained  in  the  analysed 
perchloride ;  in  the  latter  case  we  have  to  find  this  amount  by 
calculation,  which  may  be  accomplished  by  means  of  the  follow- 
ing simple  equation : — 100  parts  of  bisulphuret  of  mercury  con- 
tain 86*29  parts  of  mercury ;  how  much  mercury  do  85*838 
contain  ? 

100  :  86-29  :  :  85*888+  ::r=74*08 

It  will  be  readily  understood  from  the  preceding  illustration, 
that  all  those  forms  and  combinations  into  which  the  known  con- 
stituents of  a  given  compound  are  to  be  converted  for  the  pur- 
pose of  quantitative  determination,  must  of  necessity,  in  the 
first  place,  admit  of  most  accurate  weighing,  and  that,  in  the 
second  place,  their  constitution  must  be  correctly  known.     These 
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two  conditions  are  absolutely  indispensable ;  for  it  is  quite  ob- 
vious, on  the  one  hand,  that  accurate  quantitative  analysis  must 
be  altogether  impossible  if  the  substance,  the  quantity  of  which 
it  is  intended  to  ascertain,  does  not  admit  of  correct  weighing 
or  measuring ;  and  on  the  other,  it  is  equally  evident,  that  if  we 
do  not  know  the  exact  composition  of  a  new  product,  we  lack  the 
most  indispensable  element  for  our  subsequent  deductions. 

Having  thus  briefly  defined  the  subject  of  quantitative  analysis, 
this  definition  may  suffice  to  explain  its  object  and  general  method. 
We  may  now  remark  that  certain  qualifications  are  essential  to 
those  who  would  devote  themselves  successfully  to  its  pursuit. 
These  qualifications,  are,  1.  theoretical  knowledge;  2,  skill  in 
manipulation ;  and  8,  strict  conscientiousness* 

In  the  first  place,  the  theoretical  knowledge  required,  consists 
in  an  acquaintance  with  the  qualitative  branch  of  analytical 
chemistry;  together  with  some  practice  in  simple  calculation. 
A  previous  knowledge  of  qualitative  analysis  enables  us  to  under- 
stand all  the  various  methods  proposed  for  isolating  substances 
in  order  to  determine  their  weight,  whilst  practice  in  simple  arith- 
metical calculations,  enables  us  to  deduce  firom  our  analytical  re- 
sults the  composition  of  the  substance  examined,  in  equivalents,  and 
to  test  the  correctness  of  the  method  we  have  pursued.  To  this 
knowledge  must  be  joined  the  power  of  performing  the  necessary 
practiced  operations.  This  is  an  axiom  generally  applicable  to  all 
practical  sciences,  but  more  particularly  to  quantitative  chemical 
analysis.  The  most  extensive  and  solid  theoretical  acquire- 
ments will  not  enable  us,  for  example,  to  determine  the  amount  of 
common  salt  present  in  a  solution  of  this  substance,  if  we  have 
not  the  skill  necessary  for  pouring  a  fluid  firom  one  vessel  to 
another  without  the  smallest  loss.  The  various  operations  of 
quantitative  analysis  demand  great  aptitude  and  manual  skill, 
which  can  be  acquired  only  by  practice.  But  the  possession  of 
the  greatest  practical  skill  in  manipulation,  joined  to  a  thorough 
theoretical  knowledge  is  insufficient  to  insure  a  successful  culti- 
vation of  quantitative  investigation   and    research,  unless   the 
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man  so  qualified  possesses  also  the  will,  and  is  animated  by  a  sin- 
cere love  of  truth. 

No  one  who  has  ever  been  engaged  in  quantitative  analysis 
can  deny,  that  cases  will  sometimes  happen  in  which  doubts  may 
be  entertained  as  to  whether  the  results  of  the  operation  are 
correct,  or  even  where  the  operator  is  positively  convinced  that  the 
result  of  his  process  cannot  be  correct.  Thus,  for  instance,  a 
small  portion  of  the  substance  under  investigation  may  be  spilled, 
or  some  of  it  lost  by  decrepitation,  or  he  may  justly  doubt  the  accu- 
racy of  his  weighing,  or  it  may  happen  that  two  analyses  of  the  same 
substance  do  not  exactly  agree.  In  all  such  cases  it  is  indispens- 
able that  the  operator  should  be  conscientious  enough  to.  repeat 
immediately  his  whole  process.  He  who  is  not  animated  with  this 
sincere  devotion  to  science  and  is  afraid  of  encountering  labor  and 
difficulties  in  the  pursuit  of  truth— he  who  would  be  satisfied  with 
mere  assumption  and  suppositions,  and  other  guess  work,  when 
the  attainment  of  positive  certainty  is  the  object,  is  just  as  de- 
ficient in  the  necessary  qualifications  for  quantitative  analytical 
researches,  as  he  who  is  wanting  in  theoretical  knowledge  or  in 
practical  skill.  He  therefore  who  cannot  himself  firmly  and  fiiUy 
rely  upon  the  6U5curacy  of  his  operations  and  labours — he  who 
cannot  swear  to  the  correctness  of  his  results,  may  indeed 
occupy  himself  with  quantitative  analysis  for  his  own  jprivate 
amusement  and  practice,  but  he  ought  never  to  publish  as  correct 
and  positive  the  results  of  his  operations  and  researches,  nor 
ought  he  to  apply  these  results  to  practical  purposes  of  his  own. 
In  the  latter  case  it  would  prove  very  little  advantageous  to  him- 
self; in  the  former,  his  error  would  be  greatly  detrimental  to  the 
interests  of  science,  and  might  be  eminently  injurious  to  others. 

The  domain  of  quantitative  analysis  may  be  said  to  extend 
over  all  matter,  that  is,  in  other  words,  anything  corporeal 
may  become  the  object  of  quantitative  investigation.  The  present 
work,  however,  is  inteoded  to  embrace  only  the  substances  used 
in  pharmacy,  arts,  trades,  and  manufactures. 

Quantitative  analysis  may  be  subdivided  into  two  branches. 
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viz.   into  analysis  of  mixtures,  and  analysis  of  chemical  coni- 
pounds.     This  division  may  appear  at  first  sight  of  very  small 
moment,  yet  it  is  necessary  that  we  should  establish  and  main- 
tain itj  if  we  would  form  a  clear  conception  of  the  value  and 
utility   of  quantitative    research.     The    quantitative  analysis  of 
mixtures  has  not  the  same  aim  as  Uiat  of  chemical  compounds ; 
and  the  method  applied  to  secure  the  correctness  of  the  results  in 
the  former  is  dififerent  from  that  adopted  in  the  latter  case.     The 
quantitative  analysis   of  chemical  compounds    rather  subserves 
the  theoretical  purposes  of  science,  whilst  that  of  mixtures  be- 
longs to  the  practical  purposes  of  life.     If,  for  instance,  I  ana- 
lyse  thesalt,   the  result   of  the  analysis  will  give  me  the  con- 
stitution   of    the    acid,   its    combining    proportion,    saturating 
capacity,  &c.  &c. ;  or,  in  other  words,  the  results  obtained  will 
enable  me  to  answer  a  series  of  questions,  the  solution  of  which 
is  important  for  the  theory  of  chemical  science :  but  if,  on  the 
other  hand,  I  analyse  gunpowder,  alloys  of  metals,  medicinal  mix- 
tures, &c.  &c.,  I  have  a  very  different  object  in  view ;  1  do  not 
want  in  such  cases  to  apply  the  results  which  I  may  obtain,  to  the 
solution  of  any  theoretical  question  of  chemistry,  but  I  want  to 
render  a  practical  service  either  to  the  arts,  trades,  and  manufac- 
tures, or  to  some  other  science.     If  in  the  analysis  of  a  chemical 
compound,  I  wish  to  control  the  results  obtained,  I  may  do  this 
in  most  cases  by  means  of  calculations,  but  in   the   case  of  a 
mixture  a  second  analysis  is  necessary  to  confirm  the  correctness 
of  the  results  afforded  by  the  first. 

The  preceding  remarks  clearly  demonstrate  the  immense  im- 
portance of  quantitative  analysis.  It  is  owing  to  this  branch,  that 
chemistry  has  been  raised  to  the  rank  of  a  science^  since  it  has  led 
us  to  discover  and  determine  the  laws  which  govern  the  combina- 
tions and  transpositions  of  the  elements.  Stochiometry  is  entirely 
based  upon  the  results  of  quantitative  investigations ;  all  rational 
views  respecting  the  constitution  of  compounds  rest  upon  them  as 
the  only  safe  and  solid  basis.  Quantitative  analysis,  therefore, 
forms  the  strongest  and  most  powerful  lever  for  chemistry  as  a  sci- 
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ence,  and  not  less  so  for  chemistry  in  its  application  to  the  practical 
purposes  of  life^  to  trades,  arts,  manufactures,  and  likewise  in  its 
application  to  other  sciences.  It  teaches  the  mineralogist  the 
true  nature  of  minerals,  and  suggests  to  him  principles  and  rules 
for  their  recognition  and  classification.  It  is  an  indispensahle 
auxiliary  to  the  physiologist,  and  no  one  can  doubt  but  that 
agriculture  will  shortly  derive  incalculable  benefit  ttom  it.  We 
need  not  expatiate  here  upon  the  advantages  which  medicine, 
pharmacy,  and  every  branch  of  industry  derive,  either  directly  or 
indirectly,  fi-om  the  practical  application  of  its  results.  Whilst 
stochiometry  owes  its  establishment  to  quantitative  analysis, 
stochiometrical  laws  afibrd  us  the  means  of  controlling  the  results 
of  our  analyses  so  accurately  as  to  insure  their  correctness,  and 
to  justify  in  most  cases  the  reliance  which  we  now  generally 
place  in  them.  Again,  whilst  quantitative  analysis  has  advanced, 
and  continues  to  advance  the  progress  of  arts  and  industry,  our 
manufactures  in  return  supply  us  with  the  most  perfect  pladnum, 
glass,  and  porcelain  vessels,  without  which  it  would  be  impossible 
to  conduct  our  analytical  operations  with  the  minuteness  and  accu- 
racy to  which  we  have  now  attained. 

But  although  the  aid  which  quantitive  analysis  thus  derives 
from  stochiometry,  the  arts  and  manufactures,  greatly  facilitates 
its  practice ;  yet  it  must  be  admitted  that  the  pursuit  of  this 
branch  of  chemistry  to  any  satisfactory  purpose,  requires  con- 
siderable expenditure  of  time.  I  would  therefore  advise  every  one 
desirous  of  becoming  an  analytical  chemist,  to  arm  himself  with 
a  consideral  share  of  patience,  reminding  him  that  it  is  not  at 
one  bound,  but  gradually,  and  step  by  step,  that  the  student  may 
hope  to  attain  the  necessary  skill  and  precision  in  his  operations, 
to  enable  him  to  rely  upon  the  correctness  of  his  results. 
However  mechanical,  protracted,  and  tedious  the  operations  of 
quantitative  analysis  may  appear,  the  attainment  of  accuracy  will 
amply  compensate  for  the  time  and  labor  bestowed  thereon ; 
whilst  on  the  other  hand,  nothing  can  be  more  disagreeable  than 
to  find,  lifter  a  long  and  laborious  process,  that  our  results  are  in- 
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correct  or  uncertain.  Let  him,  therefore,  who  would  render  the 
study  of  quantitative  analysis  agreeable  to  himself,  from  the  very 
outset,  endeavour  by  strict,  nay  scrupulous  adherence  to  the  rules 
and  conditions  of  this  science,  to  attain  to  correct  results,  at  any 
sacrifice  of  time.  There  cannot  be  a  better  and  more  immediate 
reward  of  labor  than  that  which  springs  from  the  attainment  of 
accurate  results  and  perfectly  corresponding  analyses.  The  satis- 
faction enjoyed  at  the  success  of  our  efforts  is  surely  in  itself  a 
sufficient  motive  for  the  necessary  expenditure  of  time  and 
labor,  even  without  looking  to  the  practical  benefits  which  we 
shall  derive  from  our  operations. 

The  following  are  the  substances  treated  of  in  this  work. 

I.  Metalloids. 

Oxygen,  Hydrogen,  Sulphur,  Phosphorus,  Chlorine,  Iodine, 
Bromine,  Fluorine,  Nitrogen,  Boron,  Silicon,  Carbon. 

II.   M£TALS. 

Potassium,  Sodium,  Barium,  Strontium,  Calcium,  Magne- 
sium, Aluminum,  Manganese,  Irony  Nickel,  Cobalt,  Zinc, 
Cadmium,  Bismuth,  Tin,  Copper,  Lead,  Silver,  Gold,  Platinum, 
Mercury,  Chromium,  Antimony,  Arsenic. 

I  have  divided  my  subject  into  three  parts.  In  the  first,  I  treat 
of  quantitative  analysis  generally ;  describing  1st,  the  methods  of 
performing  analytical  operations  and  processes ;  and,  2nd,  the  cal- 
culation of  results.  In  the  second,  I  give  a  detailed  description 
of  several  special  analytical  processes.  And  in  the  third,  a  num- 
ber of  carefully  selected  examples,  which  may  serve  as  exercises 
for  the  ground  work  of  the  study  of  quantitative  analysis. 

The  following  table  will  afford  the  reader  a  clear  and  definite 
notion  of  the  contents  of  the  whole. 
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I.  GENERAL  PAET. 

A — ^PERFORMANCE   OF  THE   ANALYTICAL  METHOD  AND  PROCESSES. 

J.  Operations. 

2.  Reagents. 

8.  Forms  and  combinations  in  which  substances  are  separated 
from  others^  or  in  which  their  weight  is  determined. 

4.  Determination  of  the  weight  of  substances  in  simple  com- 
pounds. 

6.  Separation  of  substances. 

6.  Organic  elementary  analysis. 

B — CALCULATION  OF  THE  RESULTS. 

II.  SPECIAL  PAET. 

L  Analysis  of  mineral  water. 

2.  Analysis  of  the  ashes  of  plants. 

8.  Analysis  of  soils. 

4.  Analysis  of  the  atmospheric  air. 

in.  EXERCISES  FOR  PRACTICE. 
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1.  Analytical  notes. 

2.  Table,  for  the  calculation  of  analytical  results. 
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CHAPTER    I. 

OPERATIONS. 

§1- 

The  operations  performed  in  quantitatiye  research  are  generally 
the  same  as  in  qualitative  analysis — of  these  I  have  treated  in  my 
former  work.  I  shaU  here  describe  such  modifications  as  those 
may  require  which  are  common  to  both,  and  shall  enter  more 
minutely  into  such  as  belong  exclusively  to  quantitative  in- 
quiries. 

The  amount  of  solids,  and  generally  also  that  of  fluids,  is  deter- 
mined by  weight ;  the  amount  of  gases  and  sometimes  fluids  by 
inea9ure:  upon  the  care  and  accuracy  with  which  these  operations 
are  performed,  depends  the  value  of  all  our  results ;  I  shall  there- 
fore dwell  minutely  upon  them. 
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§8. 

WEIGHING. 

Our  success  in  determining  the  weight  of  substances  we  are 
stadying,  depends,  1st,  upon  our  possessing  a  good  balance,  and 
2d,  WEIGHTS  perfectly  accurate. 

1st.  As  to  the  balance, — there  are  several  points  which  every 
chemist  must  understand,  respecting  the  construction  and  proper- 
ties of  the  balance.  The  usefulness  of  this  indispensable  instru- 
ment of  quantitative  chemistry  depends  upon  two  points :  1st,  its 
accuracy,  and  2d,  its  sensibility. 

§4. 

The  ACCURACY  of  a  balance  depends  upon  the  following  circum- 
stances : 

a.  The  fulcrum  must  he  placed  above  the  centre  of  gravity  of 
the  beam. 

This  is  a  condition  essential  to  every  balance.  If  the  fulcrum 
were  placed  in  the  centre  of  gravity  of  the  beam,  it  would  not 
vibrate,  but  remain  in  any  position  in  which  it  is  placed,  assuming 
the  scales  to  be  equally  loaded.  If  the  fulcrum  be  placed  below 
the  centre  of  gravity  of  the  beam,  the  balance  will  be  overset  by 
the  slightest  impulse. 

When  the  fiilorum  is  above  the  centre  of  gravity  of  the  beam 
the  balance  represents  a  pendulum,  the  length  of  which  is  equal 
to  that  of  the  line  uniting  the  fulcrum  with  the  centre  of  gravity, 
and  this  line  forms  right  angles  with  the  beam  in  whatever  posi- 
tion the  latter  may  be  placed.  Now  if  we  impart  an  impetus  to  a 
ball  suspended  by  a  thread,  the  ball,  after  having  terminated  its 
vibrations,  will  invariably  fall  back  into  its  original  perpendicular 
position  under  the  suspension  point.  It  is  the  same  with  a  pro- 
perly adjusted  balance — impart  an  impetus  to  it,  and  it  will 
vibrate  for  some  time,  but  it  will  invariably  return  to  its 
original  position  ;  in  other  words,  its  centre  of  gravity  will  finally 
fall  back  into  its  perpendicular  position  under  the  fulcrum,  and 
the  beam  must  consequently  reassume  the  horizontal  position. 
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)8.  The  point  of  suspension  of  the  scales  must  be  on  an  exact 
level  unth  the  fulcrum,  since  if  the  fulcrum  be  placed  below  the 
line  joining  the  points  of  suspension,  the  loading  of  the  scales 
being  gradually  increased,  will  continually  tend  to  raise  the  centre 
of  gravity  of  the  whole  system,  so  as  to  bring  it  nearer  and  nearer 
the  fulcrum ;  the  weight  which  presses  upon  the  scales,  combining 
in  the  relatively  high- placed  points  of  suspension ;  at  last,  when 
the  scales  have  been  loaded  to  a  certain  degree,  the  centre  of 
gravity  will  take  its  position  in  the  fulcrum,  and  the  balance  will 
consequently  cease  to  vibrate — any  further  addition  of  weight  will 
finally  cause  the  beam  to  overset  by  placing  the  centre  of  gravity 
above  the  fulcrum.  If,  on  the  other  hand,  the  fulcrum  be  above 
the  line  joining  the  points  of  suspension,  the  centre  of  gravity  will 
become  more  and  more  depressed  in  proportion  as  the  loading  of 
the  scales  is  increased;  the  line  of  the  pendulum  will  consequently 
be  lengthened,  and  a  greater  force  will  be  required  to  produce  an 
equal  turn ;  in  other  words,  the  balance  will  grow  the  less  sensible 
the  greater  the  load.  But  when  the  three  edges  are  placed  on  a 
level  with  each  other,  increased  loading  of  the  scales  will,  indeed, 
continually  tend  to  raise  the  centre  of  gravity  towards  the  ful- 
crum, but  the  former  can  in  this  case  never  entireli/  reach  the 
latter,  and  consequently  the  balance  will  never  altogether  cease  to 
vibrate  upon  the  further  addition  of  weight,  nor  will  its  sensibility 
be  lessened ;  on  the  contrary,  a  greater  degree  of  sensibility  is  im- 
parted to  it  This  increase  of  sensibility  is,  however,  compen- 
sated for  by  other  circumstances. 

y  The  beam  must  be  so  strong  and  inflexible,  that  the  greatest 
weight  which  the  construction  of  the  balance  admits  of,  must  not 
cause  the  slightest  perceptible  bend  in  it,  since  the  bending  of  the 
beam  would  of  course  depress  the  points  of  suspension  so  as  to 
place  them  below  the  line  of  the  fulcrum,  and  this  would,  as  we 
have  just  seen,  tend  to  diminish  the  sensibility  of  the  balance  in 
proportion  to  the  increase  of  the  load.  It  is  therefore  neces- 
sary to  avoid  this  fault  by  a  proper  construction  of  the  beam.  The 
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form  best  adapted  for  beams,  is  that  of  a  rhomb,  or  of  an  equi- 
lateral obtuse-angled  triangle. 

S.  The  arms  of  the  balance  must  be  of  equal  lengthy  i.  c,  the 
points  of  suspension  must  be  equi-distant  from  the  fulcrum  or 
point  of  support,  for  if  the  arms  be  unequal,  the  weights  in  equi- 
poise will  be  unequal  in  the  same  proportion ;  i.  e.,  the  weights 
in  one  scale  acting  upon  the  longer  arm  of  the  lever,  will  pre- 
ponderate over  the  exact  equivalent  in  the  other  scale,  and  this  in 
direct  proportion  to  the  greater  or  less  excess  of  length  of  one  arm 
over  the  other. 

§  6. 

The  SENSIBILITT  of  a  balance  depends  principally  upon  the 
following  circumstances : 

a.  The  friction  of  the  edges  upon  their  supports  must  be  as 
slight  as  possible. 

The  greater  or  less  friction  of  the  edges  upon  their  supports 
depends  upon  both  the  form  and  material  of  those  parts  of 
the  balance.  The  edges  must  be  made  of  good  steel,  the  sup- 
porters may  be  made  of  the  same  material ;  it  is  better,  however, 
that  the  centre  edge  should  rest  upon  perfectly  even  stone  (agate) 
supporters.  To  form  a  clear  conception  of  how  necessary  it  is 
that  even  the  lateral  edges  should  have  as  little  friction  as  possi- 
ble, we  need  simply  imagine  what  would  happen  were  we  to  fix 
the  scales  in  immoveable  points,  by  means  of  inflexible  rods. 
Such  a  contrivance  would  at  once  altogether  annihilate  the  sensi- 
bility of  the  balance,  for  if  a  weight  were  placed  upon  one  side, 
this  certainly  would  cause  the  loaded  scale  to  sink,  but  at  the  same 
time  being  compelled  to  form  constantly  a  right  angle  with  the 
beam,  it  would  incline  inwards,  whilst  the  other  scale  would  turn 
outwards,  and  thus  the  weight  would  be  made  to  act  upon  the 
shorter  arm  of  the  lever.  The  more  considerable  the  friction 
becomes  at  the  end  edges  of  a  balance,  the  more  the  latter  ap- 
proaches the  state  just  now  described^  and  consequently  the  more 
is  its  sensibility  impaired. 
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p.  The  centre  of  gravity  must  be  as  near  as  ^possible  to  the  ful- 
crum. The  nearer  the  centre  of  gravity  approaches  the  falcrum, 
the  shorter  becomes  the  pendulum.  If  we  take  two  balls,  the  one 
suspended  from  a  short  and  the  other  from  a  long  thread,  and  im- 
part the  same  impetus  to  both,  the  former  will  naturally  in  the 
extent  of  its  vibrations  swing  at  a  far  greater  angle  from  its  per^ 
pendicular  position  than  the  latter.  The.  same  must  of  course 
happen  with  a  balance ;  the  same  weight  will  cause  the  scale  upon 
which  it  is  placed  to  turn  the  more  rapidly  and  completely,  the 
shorter  the  distance  between  the  centre  of  gravity  and  the  fulcrum. 
We  have  seen  above,  that  in  a  balance  where  the  three  edges  are 
on  a  level  with  each  other,  increased  loading  of  the  scales  will  con- 
tinually tend  to  raise  the  centre  of  gravity  towards  the  fulcrum. 
A  good  balance  will  therefore  become  more  delicate  in  proportion 
to  the  increase  of  weights  placed  upon  its  scales,  but  on  the  other 
hand,  its  sensibility  will  be  diminished  in  about  the  same  pro- 
portion by  the  increased  friction  attendant  upon  the  increase 
of  load ;  in  other  words,  the  sensibility  of  a  good  balance  will 
remain  the  same  whatever  may  be  the  load  placed  upon  it,  ranging 
from  the  minimum  to  the  maximum  that  its  construction  will 
enable  it  to  bear. 

y.  The  beam  must  be  as  light  as  possible. — ^The  remarks  which 
we  have  just  now  made  will  likewise  show  how  far  the  weight  of 
the  beam  may  influence  the  sensibility  of  a  balance.  We  have 
seen  that  it  is  necessary  that  a  balance  should  increase  in  sensibi- 
lity in  proportion  to  the  increase  of  load,  since  the  increased  fric- 
tion tends  to  diminish  its  sensibility  in  the  same  proportion  ;  and 
further,  we  have  seen  that  this  increase  in  sensibiUty  is  owing  to 
the  increased  weight  continually  tending  to  raise  the  centre  of 
gravity  towards  the  fulcrum.  Now  it  is  evident,  that  the  more 
considerable  the  weight  of  the  beam  is,  the  less  will  an  equal  load 
placed  upon  both  scales  alter  the:  centre  of  gravity  of  the  whole 
system,  the  more  slowly  will  the  centxe  of  gravity  approach  the 
fulcrum,  the  less  will  the  increased  friction  be  neutralized,  and 
consequently  the  less  sensibility  will  the  balance  possess* 
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§6. 

Having  premised  this  much,  we  will  in  the  first  place  proceed 
to  give  the  student  a  few  general  rules  to  guide  him  in  the  pur- 
chase of  a  balance  intended  for  the  purposes  of  quantitative  ana- 
lysis, and  in  the  second  place  to  point  out  the  best  method  of 
testing  the  accuracy  and  sensibility  of  a  balance. 

1.  A  balance  able  to  bear  70 — 80  grammes  in  each  scale, 
suffices  for  most  purposes. 

2.  The  balance  must  be  enclosed  in  a  glass-case  to  protect  it 
from  dust.  This  case  must  not  be  too  small,  and  more  especially 
its  side-walls  should  not  approach  too  near  the  scales.  The  an- 
terior wall  of  such  cases  is  generally  made  of  one  piece>  and 
arranged  in  the  form  of  a  sliding-door,  but  it  answers  the  purpose 
far  better  to  have  it  made  of  three  parts,  i.  ^.,  one  centre  part 
which  is  fixed,  and  two  lateral  parts  which  open  like  doors. 

3.  The  balance  must  be  provided  with  a  proper  contrivance  to 
render  it  immoveable,  whilst  the  weights  are  being  placed  upon  the 
scales.  This  is  most  commonly  efiected  by  an  arrangement  which 
enables  the  operator  to  lift  up  the  beam  and*thus  to  remove  the 
fulcrum  from  its  support,  whilst  the  scales  remain  suspended ;  other 
contrivances  fix  the  scales  without  removing  the  fulcrum  from 
its  support.  The  best  arrangement  is  that  which  raises  the  ful- 
crum as  well  as  the  end  edges  from  their  supports,  and  keeps  the 
scales  fixed  at  the  same  time.  A  contrivance  which  enables  the 
operator  to  perform  this  part  of  the  process  of  weighing  without 
opening  the  door  of  the  glass-case  is  best. 

4.  It  is  necessary  the  balance  should  be  provided  with  an  index 
to  mark  its  vibration. 

5.  The  balance  must  be  provided  with  a  pendulum  or  with  two 
hydrostatic  scales,  to  enable  the  operator  to  place  the  three  edges 
on  an  exactly  horizontal  level ;  it  is  best  also  for  this  purpose 
that  the  box  should  rest  upon  three  screws. 

6.  It  is  very  desirable  that  the  beam  should  be  graduated  into 
decimals,  so  as  to  enable  the  operator  to  weigh  the  milligramme 
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and  its  firactidns,  by  suspending  a  centigramme  crotchet  or  hook,  on 
or  between  the  indicated  points  of  the  graduated  line,  instead  of 
placing  the  weight  on  the  scale. 

7.  The  balance  must  be  provided  with  a  screw  to  regulate  the 
centre  of  gravity,  and  likewise  with  two  screws  to  regulate  the 
equality  of  the  arms. 

§7. 

The  following  experiments  serve  to  test  the  accuracy  and  sensi- 
bility of  a  balance. 

1.  The  balance  is  in  the  first  place  accurately  adjusted  (by 
means  of  tinfoil  should  the  scales  not  be  perfectly  equal,)  and  a 
milligramme  weight  is  then  placed  in  one  of  the  scales.  A  good 
and  practically  useful  balance  must  turn  distinctly  with  this  weight ; 
a  delicate  chemical  balance  should  indicate  the  -^  of  a  milli- 
gramme with  perfect  distinctness. 

2.  Both  scales  are  loaded  with  the  maximum  weight  the  con- 
struction of  the  balance  will  admit  of ^the  balance  is  then  accu- 
rately adjusted,  and  a  milligramme  added  to  the  weight  in  the 
one  scale.  This  ought  to  cause  the  balance  to  turn  the  same 
degree  as  sub  1.  (In  most  balances,  however,  it  shows  somewhat 
less  on  the  index.) 

3.  The  balance  is  accurately  adjusted,  (should  it  be  necessary  to 
induce  a  perfect  equilibrium  between  the  scales  by  loading  the  one 
with  a  minute  portion  of  tinfoil,  this  tinfoil  must  be  left  re- 
maining upon  the  scale  during  the  experiment,)  both  scales  are 
then  equally  loaded,  say  with  about  fifty  grammes  each,  and  if 
necessary,  the  balance  is  again  adjusted  (by  the  addition  of  small 
weights,  &c.)  The  load  of  the  two  scales  is  then  interchanged,  so 
that  the  weight  of  the  right  scale  is  transferred  into  the  left,  and 
vice  versd.  A  balance,  the  arms  of  which  are  perfectly  equal, 
must  maintain  its  perfect  equilibrium  upon  this  interchange  of  the 
weights  of  the  two  scales. 

4.  The  balance  is  accurately  adjusted ;  it  is  then  arrested,  and 
subsequently  set  again  into  motion,  until  it  recovers  its  equili- 

c 
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brium ;  the  same  process  should  be  repeated  several  times.  A  good 
balance  must  invariably  re-assume  its  original  equilibrium.  A 
balance  the  end  edges  of  which  afford  too  much  play  to  the  hook 
resting  upon  them^  so  as  to  allow  the  latter  slightly  to  alter  its 
position,  will  show  differences  in  different  trials.  This  fault, 
however,  is  possible  only  with  balances  of  defective  construction. 
A  balance  to  be  practically  useful  for  the  purposes  of  quantitative 
analysis,  must  stand  the  first,  second,  and  last  of  these  tests.  A 
slight  inequality  of  the  arms  is  of  no  great  consequence,  since 
this  may  be  readily  and  completely  remedied  by  the  manner  of 
weighing. 

The  WEIGHTS  usually  accompanying  the  best  balances,  range 
from  50  grammes  to  1  milligramme.  The  French  gramme  is  the 
best  standard  for  calculating  from.  With  regard  to  the  set  of 
weights,  it  is  generally  a  matter  of  perfect  indifference  in  chemical 
experiments  whether  the  gramme,  its  multiples  and  fractions,  are 
really  and  perfectly  equal  to  the  accurately  adjusted  normal 
weights  of  the  corresponding  denominations ;  but  it  is  absolutely 
and  indispensably  necessary  that  they  should  agree  perfectly 
among  and  with  each  other,  i.  e.  the  xJ^r  gramme  weight  must  be 
exactly  the  one  hundredth  part  of  the  gramme  weight  of  the  set, 
&o.  &c. 

2.  The  whole  of  the  set  of  weights  should  be  kept  in  an  appro- 
priate well-closing  box ;  and  it  is  desirable  likewise  that  a  distinct 
compartment  be  appropriated  to  every  one  even  of  the  smaller 
weights. 

3.  As  to  the  shape  best  adapted  for  weights,  I  think  that  of 
short  cylinders,  with  a  handle  at  the  top,  the  most  convenient  and 
judicious  form  for  the  large  weights ;  small  square  pieces  of  pla- 
tinum plate,  turned  up  at  one  comer,  are  best  adapted  for  the 
minute  and  fractional  weights.  The  plate  used  for  this  purpose 
should  not  be  too  thin,  and  the  respective  compartments  adapted 
for  the  reception  of  the  several  smaller  weights  in  the  box,  should 
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be  large  enough  to  admit  of  their  contents  being  taken  out  of 
them  with  facility,  or  else  the  smaller  weights  will  soon  get 
cracked,  bruised,  and  indistinct.  Every  one  of  the  weights  (with 
the  exception  of  the  milligramme*  and  lower  fractions)  should  be 
distinctly  marked. 

4.  With  respect  to  the  material  most  fitting  for  the  manufacture 
of  weights,  I  think  that  although  rock  crystal  is  admirably  adapted 
for  normal  weights,  yet  its  high  price,  and  the  inconvenient  form 
of  the  pieces,  render  it  far  less  so  for  weights  intended  to  serve  in 
the  processes  of  quantitative  analysis.  Platinum  weights  would 
be  universally  adopted,  were  the  metal  not  too  expensive ;  but  as 
it  is,  we  commonly  rest  satisfied  with  having  the  smaller  weights 
only,  from  one  gramme  downwards,  made  of  platinum  plate, 
using  brass  weights  for  all  the  higher  denominations.  Brass 
weights  must  be  carefiilly  shielded  from  the  contact  of  acid  or 
other  vapors,  or  else  their  correctness  will  be  impaired.  But  it 
is  an  erroneous  notion  to  suppose  that  weights  slightly  tarnished 
are  unfit  for  use.  (It  is  hardly  possible,  moreover,  to  prevent 
weights  for  any  very  great  length  of  time  from  getting  slightly 
tarnished.)  I  have  carefully  examined  many  weights  of  this 
description,  and  have  found  them  as  exactly  corresponding  with 
one  another  in  their  relative  proportions  as  they  were  when  first 
used.  The  tarnishing  coat  or  incrustation  is  in  many  instances 
so  extremely  small^  that  even  a  very  delicate  balance  will  generaDy 
fail  to  point  out  any  perceptible  difference  in  weight.  It  will, 
however,  be  found  very  advantageous  to  gild  the  brass  weights  (by 
the  electro-galvanic  process)  previous  to  adjusting  them. 

The  ex^ct  accordance  of  the  several  denominations  of  weights 
of  the  same  set,  may  be  fiilly  tested  and  assayed  in  the  following 
manner : — 

The  one  scale  of  a  very  delicate  balance  is  loaded  with  a  one 
grammef  weight,  and  the  balance  is  then  completely  equipoised  by 

•  One  milligramme  =     '0154  grains  Troy. 
One  centi((ramme  =     '1543        "        " 
One  decigramme  =  1'5434        "        " 

t  One  gramme  .     .  =>=•]  5*4336  grains  Troy. 

c  2 
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placing  an  exactly  equivalent  weight  in  small  pieces  of  brass,  and 
finally  tinfoil,  (but  no  paper,  since  tbis  absorbs  moisture,)  upon 
the  other  scale.  The  weight  is  then  removed,  and  replaced  suc- 
cessively by  the  other  gramme  weights  which  the  operator  may 
happen  to  possess,  and  afterwards  by  the  same  amount  of  weight  in 
pieces  of  lower  denominations. 

The  balance  must  be  carefully  scrutinized  every  time,  when  re- 
quired for  use,  and  any  departure  from  the  exact  equilibrium 
marked.  The  several  pieces  of  higher  denominations  are  then 
tested,  and  assayed  in  the  same  way.  The  smaller  weights  must 
not  show  the  slightest  perceptible  difference  on  a  balance  turning 
with  ^  of  a  milligramme  in  the  comparison  of  the  larger  weights 
with  the  smaller  ones ;  differences,  however,  of  from  the  -^  to  -^ 
part  of  a  milligramme  may  be  passed  over,  since  this  will  not  ma- 
terially impair  their  usefulness.  If  you  wish  them  to  be  more 
accurate,  you  must  adjust  them  yourself.  In  the  purchase  of 
weights,  chemists  ought  always  to  bear  in  mind,  that  an  accurate 
weight  is  in  reality  of  great  value,  whilst  an  inaccurate  one  is  worth- 
less. Experience  has  taught  me  that  it  is  invariably  the  safest  way 
for  the  analytical  chemist  to  test  and  assay  for  himself  every 
weight  he  purchases,  regardless  of  the  reputation  of  the  maker. 

THE   PROCESS   OF  WEIGHING. 

We  have  two  different  methods  of  determining  the  weight  of 
substances ;  the  one  is  termed  "  direct  weighing"  the  other 
is  called  "  weighing  hy  substitution" 

In  direct  weighing^  the  substance  is  placed  upon  one  scale, 
and  the  weight  upon  the  other.  If  we  possess  a  balance,  the 
arms  of  which  are  of  equal  length,  and  the  scales  in  a  perfect 
state  of  equilibrium,  it  is  indifferent  upon  which  scale  the  sub- 
stance is  pl«M5ed  in  the  several  weighings  required  during  an 
analytical  process ;  i.  e,  we  may  weigh  upon  the  right  or  upon  the 
left,  side,  and  change  sides  at  pleasure,  without  endangering  the 
accuracy  of  our  results.     But  if,  on  the  contrary,  the  arms  of  our 
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balance  are  not  perfectly  e^ual^  or  if  the  scales  are  not  in  a  state 
of  perfect  equilibrium,  we  are  compelled  to  weigb  invariably  upon 
the  same  scale,  otherwise  the  correctness  of  our  results  will  be 
more  or  less  materially  impaired. 

Suppose  we  want  to  weigh  one  gramme  of  a  substance,  and 
to  divide  this  amount  subsequently  into  two  equal  parts.  Let 
us  assume  our  balance  to  be  in  a  state  of  perfect  equilibrium, 
but  with  unequal  arms,  the  left  being  99  millimetres*  long,  whilst 
the  right  is  100  millimetres  long;  we  place  first  a  gramme  weight 
upon  the  left  scale,  and  against  this  the  substance  we  want  to 
weigh,  until  the  balance  recovers  its  equilibrium. 

According  to  the  axiom,  '^  masses  are  in  equilibrium  upon  the 
lever,  if  the  distance  of  their  products  from  the  point  of  support 
is  equal,"  we  have  consequently  upon  the  right  scale  0.99t 
grammme  of  substance,  since  99  : 1,00=100 :  0.99.  If  we  now, 
for  the  purpose  of  weighing  one  half  the  quantity,  remove  the  whole 
weight  from  the  left  scale,  substituting  0.5  gramme  weight  for  it, 
and  then  take  off  part  of  the  substance  from  the  right  scale, 
until  the  balance  recovers  its  equilibrium,  there  will  remain 
0.495  gramme;  and  this  is  exactly  the  amount  we  have  removed 
from  the  scale :  we  have  consequently  accomplished  our  object  with 
respect  to  the  relative  weight;  and,  as  we  have  already  remarked, 
the  absolute  weight  is  not  generaUy  of  so  much  importance  in 
chemical  experiments.  But  if  we  attempted  to  halve  the  sub- 
stance which  we  have  on  the  right  scale,  by  first  removing  both 
the  weight  and  the  substance  from  the  scales,  and  placing  subse- 
quently a  0.5  gramme  weight  upon  the  right  scale,  and  the  sub- 
stance upon  the  left,  until  the  balance  recovers  its  equilibrium, 
we  shoidd  have  0.505  of  substance  upon  the  left  scale,  since 
100  : 0.500=99  :  0.505 ;  and  consequently,  instead  of  exactly 
equal  halves,  we  shall  have  one  part  of  the  substance  amounting  to 
0.505,  only  to  0.495. 

*  One  milliin^tre=     *0394  inch, 
t  One  centim^tre=     '394  inch. 

One  decimetre  =  3*937  incbes. 

One  m^tre  .  .  =39'37  inches. 
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Jit  the  scales  of  our  balance  are  not  in  a  state  of  absolute  equili- 
brium^ we  are  obliged  to  weigh  our  substances  in  vessels^  to  ensure 
accurate  results,  (although  the  arms  of  the  balance  be  perfectly 
equal).  It  is  self-evident  that  the  weights  in  this  case  must 
likewise  be  invariably  placed  upon  one  and  the  same  scale, 
and  that  the  difference  between  the  two  scales  must  not  undergo 
the  slightest  variation  during  the  whole  course  of  a  series  of 
experiments. 

From  these  remarks  result  the  two  following  rules : 

1.  It  is,  under  all  circumstances,  advisable  to  weigh  substances 
invariably  upon  one  and  the  same  scale. 

2.  If  the  operator  happens  to  possess  a  balance  for  his  own 
private  and  exclusive  use,  there  is  no  need  that  he  should  adjust 
it  at  the  commencement  of  every  analysis ;  but  if  the  balance  be 
used  in  common  by  several  persons,  it  is  absolutely  necessary  to 
ascertain  before  every  operation,  whether  its  state  of  absolute  equi- 
librium be  not  disturbed. 

Weighing  by  substitution,  yields  not  only  relatively  but  also 
absolutely  accurate  results ;  no  matter  whether  the  arms  of  the 
balance  be  of  exactly  equal  lengths  or  not,  or  whether  the  scales 
be  of  equal  weight  or  not. 

The  process  is  conducted  as  follows:  the  substance  to  be 
weighed — say  a  platinum  crucible — is  placed  upon  one  scale,  and 
the  other  scale  is  accurately  counterpoised  against  it.  The  pla- 
tinum crucible  is  then  removed,  and  the  equilibrium  of  the 
balance  restored,  by  substituting  weights  for  the  removed  cru- 
cible. It  is  perfectly  obvious  that  the  substituted  weights  will 
invariably  express  the  real  weight  of  the  crucible  with  absolute 
accuracy.  We  weigh  by  substitution  whenever  we  wish  to  obtain 
absolutely  accurate  results ;  as  for  instance,  in  the  determination 
of  atomic  weights.  The  process  may  be  materially  shortened  by 
accurately  fixing  in  the  first  place  a  certain  standard  weight, 
(which  must  be  heavier  than  the  substance  we  are  about  to  weigh,) 
then  removing  this  weight,  and  substituting  for  it  the  body  to  be 
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weighed;  and  finally  adjusting  the  latter  against  the  counterpoise, 
by  the  addition  of  smaller  weights.  The  sum  of  the  weights  added 
is  then  subtracted  from  the  known  amount  of  the  counterpoise  : 
the  remainder  wiU  at  once  indicate  the  exact  weight  of  the  sub- 
stance we  are  dealing  with.  This  counterpoise  may  be  applied 
for  the  same  purpose  in  all  subsequent  weighings. 

§  10. 

The  following  rules  will  be  found  useful  in  performing  the  pro- 
cess of  weighing : 

1.  The  safest  and  most  expeditious  way  of  ascertaining  the 
exact  weight  of  a  substance,  is  to  avoid  trying  weights  at  ran- 
dom ;  instead  of  this,  a  strictly  systematic  course  ought  to  be  pur- 
sued in  counterpoising  substances  on  the  balance.  Suppose,  for 
instance,  we  want  to  weigh  a  crucible,  the  weight  of  which  subse- 
quently turns  ought  to  be  6.6i^7  grammes;  well,  we  place  1 0  grammes 
in  the  other  scale,  and  we  find  this  is  too  much ;  we  place  the 
weight  next  in  succession, «.  e,  5  grammes,  and  find  this  too  little ; 
next  7,  too  much ;  6  too  little ;  6,5  too  little ;  6,7  too  much ;  6,6 
too  little  6,65  too  much ;  6,62  too  little;  %M  too  much;  6,625 
too  little;  6,627  right. 

I  have  selected  here  for  the  sake  of  iUustration  a  most  compli- 
cated case ;  but  I  can  assure  the  student  of  quantitative  analysis, 
that  this  systematic  way  of  trying  the  counterpoising  of  sub- 
stances will  in  most  instances  lead  to  the  desired  end,  in  half  the 
time  required  when  weights  are  tried  at  random.  In  a  few 
minutes  we  ought  to  be  able  thus  to  weigh  to  -jV  of  a  milli- 
gramme* 

2.  I  have  already  had  occasion  to  observe,  that  the  placing  of 
small  crotchets  or  hooks,  weighing  1  centigramme,  on  or  between 
the  points  of  the  decimal  division  of  the  beam,  is  a  more  expe- 
ditious  way  to  determine  a  milligramme  and  its  decimal  divisions, 
than  the  use  of  the  corresponding  weights  upon  the  scale. 

3.  The  balance  ought  to  be  arrested  every  time  any  change  is 
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contemplated,  (such  as  removing  weights^  substituting  one  weight 
for  another,  &c.  &c.)  or  else  it  will  soon  get  spoiled. 

4.  Substances  must  never  be  placed  directly  upon  the  scales, 
but  ought  to  be  weighed  in  appropriate  vessels  of  platinum,  silver, 
glass,  porcelain,  &c.  &c.,  never  in  paper  or  card,  since  these,  being 
liable  to  attract  moisture,  are  apt  to  alter  their  weight.  The 
most  common  method  is  to  weigh  in  the  first  instance  the  vessel 
by  itself,  and  to  introduce  subsequently  the  substance  into  it ;  to 
weigh  again,  and  subtract  the  former  weight  from  the  latter.  In 
many  instances,  and  more  especially  when  several  portions  of  the 
same  substance  are  to  be  weighed,  the  united  weight  of  the  vessel 
and  of  its  contents  is  first  ascertained ;  a  portion  of  the  contents 
is  then  taken  out,  and  the  vessel  weighed  again;  the  difierence 
between  the  latter  and  the  original  weight  expresses  the  amount 
of  the  portion  taken  out  of  the  vessel. 

5.  Substances  liable  to  attract  moisture  from  the  air,  must  be 
weighed  invariably  in  closed  vessels,  (in  covered  crucibles,  for 
instance,  or  between  two  watch  glasses,  or  in  a  stoppered  glass 
tube ;)  fluids  are  to  be  weighed  in  small  bottles,  closed  with  glass 
stoppers. 

6.  A  vessel  ought  never  to  be  weighed  whilst  hot,  since  it  will 
in  that  case  invariably  weigh  lighter  than  it  really  is.  This  is 
owing  to  two  circumstances.  In  the  first  place,  every  body  con- 
denses upon  its  surface  a  certain  amount  of  air  and  of  moisture, 
the  quantity  of  which  depends  upon  the  temperature,  and  the 
hygroscopic  state  of  the  air,  and  likewise  on  its  own  temperature. 
Now  suppose  a  crucible  has  been  weighed  cold  at  the  commence- 
ment  of  the  operation,  and  is  subsequently  weighed  again  whilst 
hot,  together  with  the  substance  it  contains,  and  the  weight  of 
which  we  wish  to  determine.  If  we  subtract  for  this  purpose  the 
weight  of  the  cold  crucible,  ascertained  in  the  former,  from  the 
weight  found  in  the  latter  instance,  we  shall  subtract  too  much, 
and  consequently  we  shall  set  down  less  than  the  real  weight  for 
the  substance.  In  the  second  place,  bodies  at  a  high  temperature 
are  constantly  communicating  heat  to  the  air  immediately  around 
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them ;  the  heated  air  expands  and  ascends^  and  the  dense  and 
colder  air  flowing  towards  the  space  which  the  former  leaves, 
produces  a  current  which  tends  to  raise  the  scale,  and  thus 
making  it  appear  lighter  than  it  really  is. 

7.  If  we  suspend  from  the  end  edges  of  a  correct  balance, 
10  grammes  of  platinum  and  10  grammes  of  glass,  by  wires 
of  equal  weight,  the  balance  will  assume  a  state  of  equilibrium  ; 
but  if  we  subsequently  immerse  the  platinum  and  glass  com- 
pletely in  water,  this  equilibrium  will  at  once  cease,  owing 
to  the  different  specific  gravity  of  the  two  substances ;  since  we 
know  that  substances  immersed  in  water  lose  of  their  weight  a 
quantity  precisely  equal  to  the  weight  of  their  own  bulk  of  water. 
If  this  be  home  in  mind  it  must  be  obvious  to  every  one  that 
weighing  in  the  air  is  likewise  defective,  inasmuch  as  the 
bulk  of  the  substance  weighed  is  not  the  same  with  that  of 
the  weight.  This  defect^  however,  is  so  very  insignificant,  owing 
to  the  trifling  specific  gravity  of  the  air  in  proportion  to  solid 
substances,  that  we  may  generally  disregard  it  altogether  in 
analytical  experiments.  In  cases,  however,  where  absolutely  accu- 
rate results  are  required,  the  bulk  both  of  the  substance  exa- 
mined and  of  the  weight,  is  taken  into  account,  and  the  weight  of 
the  corresponding  volume  of  air  is  added  respectively  to  that  of 
the  substance  and  of  the  weight,  making  thus  the  process  equiva- 
lent to  weighing  in  vacuo. 

§  11- 

2.   MEASURING. 

We  generally  measure  only  gases  in  analytical  researches, 
and  prefer  the  process  of  weighing  for  the  determination  of 
fluids,  since  as  a  general  rule  the  latter  process  yields  more 
accurate  results  than  the  determination  by  measure.  We  shall 
therefore  confine  ourselves  here,  to  the  measuring  of  gases,  simply 
adding  a  few  words  with  respect  to  that  of  fiuids.  The  accuracy 
of  the  results  obtained  by  measuring  depends  upon  the  proper 
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construction  of  the  measaring  apparatus  (meters),  and  also  upon 
the  manner  in  which  the  process  is  conducted. 

a.   APPARATUS  FOR  MEASURING. 

We  use  for  the  measuring  of  gases  graduated  tubes  of  greats 
or  less  capacity,  made  of  strong  glass,  and  hermetically  sealed  at 
one  end,  (which  should  be  rounded.)  The  following  will  be 
found  sufficient  for  all  the  processes  of  measuring  which  we  shall 
have  occasion  to  treat  of  in  this  work. 

1.  A  beU- glass  capable  of  holding  from  150  to  250  cubic  centi- 
metres, and  about  one  and  a-half  inch  in  diameter ;  this  bell-glass 
should  be  graduated  into  double  cubic  centimetres ;  that  is,  every 
divisional  line  is  to  correspond  to  two  centimetres. 

2.  From  five  to  six  glass  tubes  capable  of  holding  from  30  to 
40  cubic  centimetres,  about  half  an  inch  diameter,  divided  into 
double  cubic  millimetres,  so  that  every  line  corresponds  to  two 
cubic  millimetres.  The  walls  of  these  tubes  should  be  pretty  thick, 
as  they  are  very  liable  to  break,  especially  when  used  to  measure 
over  mercury. 

The  most  important  point,  however,  is  that  the  tubes  be  cor- 
rectly graduated,  since  upon  this  of  course  depends  the  accuracy 
of  the  results.*t 

The  practical  usefulness  of  the  measuring  tubes  depends  prin- 
cipally upon  the  fulfilment  of  three  conditions. 

1.  The  divisions  of  the  tube  must  exactly  correspond  with 
and  among  each  other. 

2.  The  divisions  of  every  one  of  the  tubes  must  exactly  corres- 
pond with  those  of  the  other  tubes.     And 

3.  The  volumes  marked  on  the  graduation  line,  must  exactly 
correspond  with  our  weights. 

•  One  centimMre='397  inch. 

t  For  the  manner  of  graduating  the  tubes,  the  student  may  consult  Ber- 
zelius'  Manual  of  Chemistry,  4th  edition,  vol.  x.,  article  Measuring,  or  Fara- 
day's Chemical  Manipulations. 
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The  following  experiments  serve  to  test  our  gasometers. 
a.  The  tuhe  which  it  is  intended  to  examine  is  placed  upon  a 
tolerahly  large  and  sufficiently  delicate  balance  and  accurately 
counterpoised,  (the  tuhe  is  either  to  be  placed  upright  upon  the 
balance,  by  means  of  some  appropriate  contrivance  or  is  sus- 
pended by  a  piece  of  wire.)  It  is  then  filled  to  about  one-tenth 
of  its  capacity — ^with  mercury,  if  one  of  the  smaller  tubes,  or  with 
-water  if  the  large  bell  jar  is  used — ^the  divisional  mark  to  which 
the  liquid  reaches  in  the  tube  is  accurately  noted,  and  the  fluid 
determined  by  counterpoising  the  other  scale  until  the  equilibrium 
is  restored ;  a  further  amount  of  fluid  is  then  poured  into  the 
tube,  and  its  weight  ascertained  in  the  same  manner,  and  this 
operation  is  repeated  until  the  tube  is  completely  filled.  If  the 
divisions  of  the  tube  are  exactly  equidistant,  the  relative  propor- 
tion which  they  bear  to  the  corresponding  weight  must  remain 
invariably  the  same.  Absolute  correctness  in  this  respect  cannot 
be  demanded,  of  course,  since  it  is  impracticable  to  note  the  di- 
visional marks  of  the  tube  with  that  degree  of  accuracy  which  is 
attained  by  weighing. 

b.  Diflerent  quantities  of  mercury  are  measured  successively  in 
one  of  the  smaller  tubes,  and  subsequently  transferred  into  the 
other  tubes.  The  tubes  may  be  considered  in  perfect  accordance 
with  one  another,  if  the  mercury  reaches  invariably  the  same 
divisional  point  in  every  one  of  the  tubes. 

Such  tubes  as  axe  intended  simply  to  determine  the  relative 
volume  of  different  gases,  need  only  correspond  individually  and 
collectively  in  the  divisions  of  their  graduated  scales ;  but  in  cases 
where  we  want  to  calculate  the  weight  of  a  gas  by  inference  from 
its  volume  it  is  necessary  moreover  to  ascertain  whether  the  volumes 
indicated  by  the  degrees  of  the  graduation  scale  correspond 
with  the  weights  in  our  possession.  For  this  purpose  one  of  the 
tubes  is  filled  with  distilled  water  of  39.2,  temperature,  to  the 
last  mark  of  the  graduated  scale,  and  the  weight  of  the  water  accu- 
rately determined.  If  the  tubes  be  correctly  graduated  and  the 
weights  correctly  adjusted,  the  number  of  cubic  centimetres  of 
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this  scale  will  be  equal  to  that  of  the  gramme  weights  placed 
against  the  water.  In  this  case  the  weight  of  gases  may  be  cal 
ctQated  at  once  from  their  measured  volumes.  But  should  it 
happen  that  the  accordance  between  the  divisions  of  the  tubes 
and  the  weights  of  the  balance  be  not  so  perfect,  no  matter 
whether  the  error  lies  with  the  graduation  of  the  tube  or  with 
the  adjustment  of  the  weights,  we  cannot  proceed  at  once  to  cal- 
culate the  weight  of  a  gas  from  its  ascertained  volume,  but  have 
in  the  first  place,  to  reduce  the  latter  in  proportion  to  the  dif- 
ference existing  between  the  divisions  of  our  graduated  scales  and 
our  weights.  Let  us  suppose^  for  instance,  that  upon  examining 
our  gasometer  tubes,  we  find  99  cubic  centimetres  of  water  as  in* 
dicated  by  the  graduated  scale  of  the  tubes  to  weigh  100  grammes 
and  to  correspond  consequently  to  100  grammes,  according  to 
our  weights ;  to  convert  in  this  case  the  measured  volume  of  a  gas 
into  weight,  we  must,  in  the  first  place,  multiply  by  *|°=1.0101  ; 
the  number  of  cubic  centimetres  found. 

If,  therefore,  you  wish  to  employ  such  tubes  you  must  have  a 
table,  reducing  the  measures  to  their  corresponding  weights  for 
every  tube  you  employ. 

b.   THE   PROCESS   OF   MEASURING. 

In  the  measuring  of  gases  we  must  have  regard  to  the  follow- 
ing points. 

1.  We  must  endeavour  to  determine  as  accurately  as  possible 
the  exact  division  to  which  the  water  or  mercury  subsides.  2. 
We  must  take  into  consideration  the  temperature  of  the  gas. 
And  8.  The  degree  of  pressure  operating  upon  it.  The  two 
latter  points  will  be  readily  understood,  if  it  be  borne  in  mind 
that  any  alteration  in  the  temperature  of  gases  or  in  the  pressure 
acting  upon  them  involves  likewise  a  considerable  alteration  in 
their  respective  volumes. 

With  regard  to  the  first  point,  it  is  somewhat  difficult  to  decide 
with  absolute  accuracy  the  exact  degree  of  tlie  scale  at  which  the 
mercury  or  water  may  happen  to  stand  in  the  gasometer,  since 
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mercury  in  n  jar  or  cylinder  (more  especially  in  a  narrow  one) 
has  a  convex  surface  owing  to  its  own  cohesion,  whilst  water,  on 
the  other  hand,  under  the  same  circumstances  has  a  concave  sur- 
face, owing  to  the  attraction  which  the  walls  of  the  tuhe  exer- 
cise upon  it.  To  ascertain  the  exact  position  of  the  mercury  or 
water,  the  jar  or  cylinder  should  invariahly  be  placed  in  a  perfectly 
perpendicular  position,  and  the  eye  directed  on  a  level  with  the  sur- 
face of  the  fluid.  Graduating  the  cylinder  on  two  sides  will  mate- 
rially facilitate  this  process.  But  if  the  tube  be  graduated  on  one 
side  only,  the  easiest  method  is  to  place  a  small  looking-glass  firmly 
against  it,  and  to  direct  the  eye  on  a  level  both  with  the  real  surface 
of  the  fluid  in  the  tube,  and  with  its  reflection  in  the  mirror.  If 
water  be  used  as  the  confining  fluid,  the  middle  of  the  dark  zoue 
formed  by  the  water  around  the  inner  walls  of  the  tube,  in  obe- 
dience to  the  attraction  exercised  upon  it  by  their  walls,  is  assumed 
to  be  the  real  surface ;  whilst  when  operating  with  mercury  we 
have  to  place  the  real  surface  in  a  line  drawn  exactly  in  the  centre 
between  the  highest  point  of  the  surface  of  the  mercury  and  the 
points  at  which  the  latter  is  in  actual  contact  with  the  walls  of  the 
tube. 

With  regard  to  the  second  point,  the  temperature  of  the  gas  is 
made  to  correspond  with  that  of  the  confining  fluid,  which  latter 
may  be  readily  ascertained. 

If  the  construction  of  the  pneumatic  apparatus  is  such  as  to  per- 
mit the  total  immersion  of  the  cylinder  into  the  confining  fluid,  a 
corresponding  temperature  between  the  latter  and  the  gas,  which 
it  is  intended  to  measure,  is  most  readily  induced, — ^but  if  the  con- 
struction of  the  apparatus  will  not  allow  this  total  immersion  of 
the  cylinder,  it  is  necessary  that  the  surrounding  air  should  have 
the  same  temperature  with  the  fluid,  and  we  are  consequently 
obliged  in  such  cases  to  keep  the  cylinder  for  a  considerable  time 
exposed  to  the  influence  of  both,  before  we  can  proceed  to  deter- 
mine the  exact  degree  of  the  scale  at  which  the  mercury  or  water 
stands.  The  operator  should  take  care  also  to  perform  his 
experiment  at  an  efi'ectual  distance  from  the  heat  of  a  stove,  or 
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the  direct  rays  of  the  sun,  &c. ;  and,  moreover,  he  should  not 
grasp  the  cylinder  with  his  hand,  hut  simply  press  it  down  with 
the  finger,  or  hotter  still,  with  a  small  wooden  crotchet,  or  linen 
pin.  Since  if  either  of  these  rules  he  neglected,  the  gas  will  ex- 
pand again,  and  of  course  inaccurate  results  will  be  the  conse- 
quence. With  regard  to  the  third  point,  the  gas  is  simply  under 
the  actual  pressure  of  the  atmosphere,  if  the  confining  fluid 
stands  on  an  exact  level  both  in  and  outside  the  cylinder,  the  degree 
of  pressure  exerted  upon  it  may  therefore  be  at  once  ascertained  by 
consulting  the  barometer.  But  if  the  including  fluid  stands  higher 
in  the  cylinder  than  outside,  the  gas  is  under  less  pressure,- — if 
lower,  it  is  under  greater  pressure ;  in  the  latter  case,  the  perfect 
level  of  the  fluid  inside  and  outside  the  cylinder  may  readily  be 
restored  by  raising  the  tube ;  if  the  fluid  stands  higher  in  the 
cylinder  than  outside,  the  level  may  be  restored  by  depressing  the 
tube ;  this  however  can  only  be  done  in  cases  where  we  have  a 
trough  of  sufficient  depth.  When  operating  over  water,  the  level 
may  in  most  cases  be  readily  effected — ^when  operating  over  mer- 
cury, it  is  frequently  impossible  to  bring  the  fluid  to  a  perfect 
level  inside  and  outside  the  cylinder. 


PLATE    1. 

In  the  case  illustrated  here,  we  have 
the  gas  under  the  pressure  of  the  atmo- 
sphere minus,  the  pressure  of  a  column 
of  mercury  equal  in  length  to  the  line 
a  h.     This  pressure  may  be  determined 
therefore  by  measuring  the  length   of 
a  b,  with  the  greatest  possible  accuracy, 
and  subtracting  it  firom  the  actual  state 
of  the  barometer.    Suppose,  for  instance, 
the  barometer  marks  twenty-six  inches,  and  the  length  of  a  b, 
is=3  inches,  the  actual  pressure  upon  the  gas  will  be  26—3=23 
inches. 
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If  we  have  water  or  some  other  fluid  (potash  ley,  for  instance) 
over  the  mercury,  we  proceed  generally  as  if  this  were  not  the  case ; 
f .  e,y  we  either  place  the  mercury  on  a  level  inside  and  outside  the 
cylinder,  or  measure  the  difference  between  the  surface  of  mercury 
in  the  cylinder,  and  that  in  the  trough.  The  pressure  of  the 
column  of  water,  &c.,  &c.,  floating  over  the  mercury,  is  mostly 
so  trifling,  that  it  may  safely  be  disregarded  altogether.  The 
more  correct  way,  of  course,  would  be  to  measure  the  height  of 
the  column  of  water,  &c.,  to  reduce  this  upon  mercury,  and  to 
subtract  the  resulting  figure  from  the  actual  state  of  the  baro- 
meter. 

It  is  quite  obvious  from  the  preceding  remarks,  that  volumes  of 
diflerent  gases  can  be  compared  only,  if  measured  at  the  same 
temperature,  and  under  the  same  pressure.  The  temperature  is 
generally  reduced  to  S^^',  and  the  pressure  is  maintained  at  29.8  of 
the  barometer.  How  this  is  effected,  as  well  as  the  manner  in 
which  we  deduce  the  weight  of  gases  from  their  bulk,  will  be  found 
in  the  chapter  on  the  calculation  of  analytical  results. 

Fluids,  likewise,  are  measured  sometimes  in  analytico-technical 
investigations ;  we  use  for  this  purpose  either  graduated  tubes  or 
syphons,  or  if  the  fluid  is  to  be  poured  out  drop  by  drop,  gradu- 
ated dropping  glasses. 

In  minute  investigations,  the  weighing  of  fluids  is  invariably 
preferred  to  measuring  them.  If  we  wish  simply  to  measure  re- 
peatedly the  same  volume  of  a  fluid,  we  use  either  a  bottle  pro- 
vided with  a  glass  stopper  rounded  at  the  bottom,  or  a  narrow- 
necked  vial  having  a  line  mark  cut  or  filed  into  the  glass  at  a  cer- 
tain point  of  the  neck. 
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CHAPTER  II. 

PREIIMINAEY  OPERATIONS.— PKEPARATION  OF 

SUBSTANCES  FOR  THE  PROCESSES  OF 

QUANTITATIVE  ANALYSIS. 

§  18. 

1.   MECHANICAL   DISINTEGRATION. 

In  order  to  prepare  any  substance  for  analysis,  t.  ^.,  in  order  to 
render  it  accessible  to  the  action  of  solvents  or  fluxes,  it  is  gene- 
rally indispensable,  in  the  first  place,  to  divide  it  into  minute  parts, 
since  this  will  create  abundant  points  of  contact  for  the  solvent, 
and  counteract  and  remove,  as  much  as  possible,  the  adverse  influ- 
ence of  the  power  of  cohesion,  thus  fulfilling  the  principal  condi- 
tions necessary  to  effect  a  complete  and  speedy  solution. 

The  means  employed  to  attain  this  object,  vary  according  to  the 
nature  of  the  different  bodies  we  have  to  operate  upon.  In  many 
cases,  bruising  or  levigating  is  sufficient ;  in  other  cases  it  is  neces- 
sary to  reduce  the  levigated  powder  to  the  very  highest  degree  of 
fineness,  by  sifting  or  by  elutriation. 

The  operations  of  pounding  and  levigating  are  conducted  in 
mortars,  or  levigating  dishes ;  the  first  and  most  indispensable 
condition  is,  that  the  material  of  the  mortar  or  dish  be  consider- 
ably harder  than  the  substance  to  be  pulverized,  so  as  to  prevent, 
as  much  as  possible,  the  latter  from  being  contaminated  with  any 
particles  of  the  former.  Thus,  for  the  levigation  of  salts,  and 
generally,  of  substances  possessing  no  very  considerable  degree  of 
hardness,  porcelain  dishes,  may  be  used,  whilst  the  pounding  of 
harder  substances  (as  of  most  minerals,  for  instance,)  requires 
vessels  of  agate,  chalcedony,  or  flint.     In  such  cases  the  larger 
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pieces  are  first  bruised  into  a  coarse  powder ;  this  is  best  effected 
by  wrapping  the  pieces  up  in  several  sheets  of  paper,  and  beating 
them  with  a  hammer  upon  an  iron  plate;  the  coarser  powder  thus 
obtained  is  subsequently  triturated  in  small  portions  in  an  agate 
mortar,  until  it  is  completely  reduced  to  the  state  of  an  impalpa- 
ble powder.  If  we  have  but  a  small  portion  of  a  mineral  to  ope- 
rate upon,  and,  in  fact,  in  all  cases  where  we  are  desirous  of  avoid- 
ing loss,  it  is  advisable  to  use  a  steel  mortar  for  the  preparatory 
reduction  of  the  mineral  into  coarse  powder.  Plate  2  represents 
a  mortar  adapted  for  this  purpose. 

PLATE    II. 

a  b  and  c  d  represent  the   two 
component  parts  of  the  mortar; 
these  may  be  readily  taken  asun- 
der.  The  substance  to  be  pounded 
is  introduced  into  the  cylindrical 
cavity  ef;  the  steel  cylinder /y, 
which   fits  somewhat  loosely  into 
this   cavity,   serves    as    a   pestle. 
The  mortar  is  placed  upon  a  solid  support,  and  perpendicular 
blows  are  struck  upon  the  pestle  repeatedly,  until  the  object  in 
view  is  attained. 

Minerals  which  are  very  difficult  to  pulverise,  should  be  ignited, 
and  whilst  red  hot  plunged  suddenly  into  cold  water,  and  subse- 
quently again  ignited,  if  necessary.  This  process  is,  of  course, 
applicable  only  to  minerals  which  lose  no  essential  constituent  at 
a  red  heat,  and  which  are  perfectly  insoluble  in  water. 

In  the  purchase  of  agate  mortars,  especial  care  ought  to  be 
taken  that  they  have  no  palpable  fissures  or  indentations ;  very 
slight  fissures,  however,  do  not  render  the  mortar  useless,  although 
they  impair  its  durability. 

In  operating  on  minerals  insoluble  in  acids,  and  which  conse- 
quently require  fluxing,  we  must  have  recourse  to  elutriation  after 
pounding  them,  otherwise  wo  cannot  calculate  upon  complete  de- 
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composition.  For  this  purpose  we  add  some  water  to  the  pounded 
mineral  in  the  mortar,  and  continue  to  triturate  the  paste  until  all 
crepitation  ceases  completely ;  (this  end  may  he  attained  far  more 
speedily  hy  performing  the  latter  operation  with  a  mullar  upon  a 
plate  of  agate,  flint,  or  porphyry,)  the  paste  is  rinsed  off  into 
a  beaker  glass  hy  means  of  the  syringe  bottle,  and  mixed  with 
distilled  water ;  the  contents  of  the  glass  are  allowed  to  stand 
at  rest  for  a  minute  or  so ;  and  subsequently  the  turbid  super- 
natant fluid  is  poured  off  from  the  coarse  sediment.  The  latter  is 
then  again  triturated  and  elutriated,  etc.  The  turbid  fluid  which 
has  been  thus  successively  decanted  from  off  the  sediment, 
is  allowed  to  stand  at  rest  until  the  minute  particles  of  the 
pounded  substance  which  it  holds  in  suspension  have  subsided  ; 
the  supernatant  fluid  is  decanted  as  soon  as  it  has  become 
perfectly  clear,  a  process  which  generally  requires  many  hours 
for  its  completion;  the  sedimentary  powder  is  finally  dried  in 
the  beaker  glass.  If  we  prepare  substances  for  fluxing  which 
are  partially  soluble  in  water,  we  must  in  the  first  instance  pound 
them  as  finely  as  possible,  and  subsequently  sift  them  through  a 
linen  bag.  In  operating  upon  compound  and  mixed  minerals,  we 
must  not  analyse  the  powder  obtained  upon  the  first  sifting  or 
elutriation,  since  this  will  contain  the  most  readily  divided  parts 
in  a  greater  proportion  to  the  harder  than  the  original  sub* 
stance.  In  such  cases  it  is  indispensable  to  convert  the  whole 
into  a  fine  and  uniform  powder,  and  to  intermix  the  latter  inti- 
mately before  subjecting  it  to  the  subsequent  operations  of  ana- 
lysis. 

§  14. 

2.    EXSICCATION. 

Every  substance  which  we  intend  to  analyse,  must  be  submitted 
to  the  necessary  operations  and  processes  in  a  clearly  and  dis- 
tinctly characterized  and  definite  state,  or  form. 
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We  have  laid  it  down  as  a  rule  in  our  introdactory  remarks, 
that  the  kind  and  nature  of  every  individual  constituent  of  the 
compounds  we  wish  to  analyse  must  be  exactly  and  accurately 
known  before  we  can  proceed  to  ascertain  the  absolute  and  relative 
amount  of  the  several  constituents*  Now,  the  essential  constitu- 
ents  of  substances  are  generally  accompanied  by  an  unessential 
one,  viz.,  a  greater  or  less  amount  of  water  enclosed  i  within 
their  lamellae,  2  adhering  to  them  from  the  mode  of  their  pre- 
paration, or  8  which  they  have  absorbed  from  the  atmosphere. 
It  is  quite  obvious  that  we  cannot  form  any  correct  notion  of 
the  real  quantity  of  a  substance,  if  we  do  not  first  remove  these 
variable  amounts  of  water  admixed  with  it.  Most  solid  bodies 
require,  therefore,  to  be  dried  before  they  can  be  quantitatively 
analysed. 

The  operation  of  drying  is  of  the  highest  importance  for  the 
correctness  of  results;  indeed  it  may  be  said  that  by  far  the 
greater  number  of  the  differences  occurring  in  analyses,  proceed 
from  the  different  degree  of  dr3rne6S  in  which  the  analysed  sub- 
stances are  operated  upon.  We  must,  of  course,  bear  in  mind 
that  many  substances  contain  water  as  an  essential  constituent ; 
that  is,  the  water  which  they  contain  in  their  perfectly  normal 
state,  forms  either  part  or  parcel  of  their  constitution,  or  it  is 
necessary  for  their  crystallization.  With  this  water  we  must  not 
interfere.  The  operation  of  drying  which  we  have  here  in  view,  is 
intended  only  to  remove  the  variable  amount  of  water  which  sub- 
stances may  contain  in  accidental  admixture  ; — ^this  latter  we  will, 
the  better  to  distinguish,  term  ''  moisture."  Consequently  the 
object  of  drying  substances  for  quantitative  analysis,  is  simply 
to  remove  all  moisture,  without  interfering  in  the  slightest  degree 
with  the  water,  or  with  any  other  essential  constituent  of  the  sub- 
stance to  be  analysed.  If,  therefore,  we  want  to  dry  a  substance, 
we  must  positively  know  all  the  properties  which  it  manifests  in 
its  dry  state ;  we  must  know  whether  it  loses  water  or  other  con- 
stituents at  a  red  heat,  or  at  212^  or  in  dried  air,  or  even  when 
simply  in  contact  with  the  atmosphere.     From  thBse  data  we  may 
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then,  readily  infer,  in  every  case^  what  process  of  exsiccation  is 
best  suited  to  the  substance  we  mean  to  operate  upon. 

The  following  classification  may  accordingly  be  adopted : 

a.  Substances  which  yield  water  even  tlwMgh  simply  in  con- 
tact with  the  atmospheric  air ;  such  as  sulphate  of  soda,  car- 
bonate of  soda,  etc.  Substances  of  this  kind  turn  dull  and 
opaque  when  exposed  to  the  air,  and  finally  crumble  wholly  or 
partially  into  a  white  powder.  They  are  more  difficult  to  dry  than 
many  other  bodies.  The  process  best  adapted  for  the  purpose  is, 
to  press  the  levigated  salts  with  some  degree  of  force  between 
thick  layers  of  fine  white  blotting-paper,  until  the  last  sheets 
remain  absolutely  dry, 

b*  Substances  which  do  not  yield  water  to  the  atmosphere ^  pro- 
vided the  latter  be  not  perfectly  dry,  but  which,  nevertheless, 
effloresce  in  artificially  dried  air ;  such  as  sulphate  of  magnesia, 
tartrate  of  soda,  and  potass,  (Seignette's  salt,  or  soda  tartarisata,) 
etc.  Salts  of  this  kind  are  triturated  as  usual,  and  the  powder, 
should  it  be  very  moist,  pressed  between  blotting-paper ;  after 
pressing  the  powder,  it  must  be  allowed  to  remain  for  some 
time  spread  in  a  thin  layer  upon  a  sheet  of  blotting-paper,  effectu- 
sHy  protected  against  dust,  and  from  the  direct  rays  of  the  sun. 

c.  Substances  which  underyo  no  alteration  in  dried  air,  but 
lose  water  a/  212^  ;  tartrate  of  lime,  for  instance.  These  are  finely 
levigated ;  the  powder  is  put  in  a  thin  layer  upon  a  watch-glass, 
(or  into  a  small  saucer,)  and  the  latter  placed  inside  a  glass  cover, 
in  which  the  air  is  kept  dry  by  means  of  sulphuric  acid.  This 
process  may  be  conducted  either  in  the  apparatus  illustrated  by 
Plate  III.  or  in  that  shown  in  Plate  IV. 
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PLATES   III.    AND   IV. 


In  Plate  TIL,  a  represents  a  glass  plate,  (ground  glass  plates 
answer  the  purpose  far  better  than  polished  ones,)  b  a  hell-shaped 
glass  cover,  likewise  ground  at  its  inferior  border,  which  is  greased  I 
c?  is  a  small  vessel  containing  sulphuric  acid ;  dy  a  watch-glass  con- 
taining the  substance  which  is  to  be  dried,  and  resting  upon  a 
triangle  made  of  wire. 

In  Plate  IV.,  a  represents  a  beaker- glass,  ground  at  its  superior 
border,  which  is  greased,  and  filled  to  one-third  or  one-fourth 
with  concentrated  sulphuric  acid;  &  is  a  glass  plate  likewise 
ground,  and  provided  with  an  aperture  in  its  centre ;  this  aperture 
is  closed  by  means  of  a  cork  stopper,  d.  ^  is  a  small  wire  sup* 
port  attached  to  the  cork,  and  upon  which  rests  ^,  a  watch-glass, 
containing  the  substance  under  examination. 

The  body  which  it  is  intended  to  dry,  is  exposed  to  the  action 
of  the  dry  air  until  it  no  longer  suffers  any  diminution  of  weight. 
Substances  upon  which  the  oxygen  of  the  air  exercises  a  modifying 
action,  are  dried  in  a  similar  manner  under  the  exhausted  receiver 
of  an  air-pump.  Those  which,  although  losing  no  water  in  dry 
air,  yet  yield  up  ammonia,  are  dried  over  calcined  lime,  mixed 
with  some  sal-ammoniac  in  powder,  and  thus  in  an  anhydrous  and 
ammoniacal  atmosphere. 

d.  Substances  which  undergo  no  alteration  at  212°,  but  are 
decomposed  at  a  red  heat,  such  as  tartar^  sugar,  etc.,  are  dried  in 
a  water-bath,  either  with  or  without  the  co-operation  of  a  stream 
of  dry  air ;  the  latter,  however,  is  only  resorted  to  when  we  have 
to  operate  upon  substances  opposing  a  more  considerable  resist- 
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ance  to  drying  than  usual.  Many  substances  do  not  completely 
lose  their  moisture  at  212°,  or  at  least  require  long-continued  ap- 
plication of  the  water- bath ;  in  such  cases  the  air-bath,  or  the  oil- 
bath,  is  resorted  to. 

Plate  V.  represents  the  water- 
bath  most  commonly  used.  It 
is  made  either  of  sheet  tin,  or, 
more  advcuitageously,  of  sheet 
copper,  and  soldered  ¥rith  brass, 
in  order  to  render  it  equally  fit 
to  serve  as  an  oil-bath,  (in  which 
case  a  thermometer  is  fixed  into 
a  by  means  of  a  cork.)  The 
engraving  renders  any  further  explanation  superfluous.  The 
internal  space  c  is  surrounded  on  five  sides  by  the  external  case 
de,  without  communicating  with  it.  The  object  of  the  apertures 
g  and  A  is  to  occasion  change  of  air ;  and  this  they  completely 
e£fect.  For  use,  the  external  space  is  filled  to  about  one-half  with 
rain  water,  the  aperture  h  is  entirely  closed ;  and  the  aperture  a,  by 
means  of  a  perforated  cork,  in  which  a  glass  tube  is  fitted.  If  the 
water-bath  is  to  be  heated  over  a  coal  fire,  its  length  firom  d\Xif 
ought  to  be  fix)m  8  to  10  inches ;  but  if  over  a  spirit-lamp,  or  an 
oil-lamp,  its  length  should  be  from  about  6  to  6  inches  only. 
The  substances  to  be  dried  are  placed  within  the  interior  c,  upon 
watch-glasses.  During  the  process  of  drying,  the  latter  are  placed 
one  within  another,  but  in  weighing  them,  they  ought  to  be  placed 
f^overing  one  another.  The  glasses  must  be  quite  cold  before  they 
are  placed  on  the  scale  of  the  balance.  In  cases  where  we  have 
to  deal  with  hygroscopic  substances,  the  reabsorption  of  water  by 
the  latter,  upon  cooling,  is  prevented  by  selecting  glasses  that  fit 
closely  upon  one  another,  and  placing  them  for  cooling  under  a 
glass  cover,  containing  a  vessel  with  sulphuric  acid.  {Vide 
plate  III.) 

The  following  apparatus  serves  to  dry  substances  in  a  stream  of 
air: — 
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PLATE   VII. 
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In  plate  6  the  stream  of  air  is  caused  by  heating  the  air ;  this 
apparatus  is  therefore  extremely  oonvenient  for  use. 

a  b  IB  B,  case  of 
sheet  copper^  or  sheet 
tin,  into  which  the 
canal  c^  is  soldered ; 
the  latter  communi- 
cates with  the  as- 
cending canal  e  f, 
which  is  surrounded 
on  three  sides  by 
the  cover  ^  h,  which 
communicates  with 
a  b.  This  cover  is 
not  provided  vdth  an  aperture  at  top.  At  i  we  have  a  round 
aperture,  leading  into  the  canal,  and  which  may  be  closed  with  a 
cork ;  Ik  v&  provided  with  a  well-fitting  sliding  Ud  running  in 
grooves. 

The  operation  is  commenced  by  filling  the  case  a  i  to  one-half 
with  water,  through  the  aperture  m — (the  aperture  ft,  which  serves 
to  let  off  the  water,  is  closed  with  a  cork,  and  heat  is  then  applied 
to  raise  the  temperature  of  the  water  to  the  boiling  point).  The 
substances  to  be  dried  are  placed  upon  watch-glasses,  into  the 
hoUows  of  the  sliding  shelf  represented  in  Plate  VII. ;  and  the 
latter  is  introduced  into  the  canal  cd  Bt  Ik,  which  is  then  closed 
by  the  sliding  lid. 

The  air  in  the  canal  becoming  heated  by  the  surrounding 
vapour,  ascends,  and  this  induces  the  cold  atmospheric  air  to 
rush  through  the  aperture  t ;  and  to  stream  on  the  drying  sub- 
stances, carrying  away  with  it  the  evaporating  moisture.  There 
is  a  slight  disadvantage  attending  this  mode  of  proceeding,  viz. 
the  cold  air  which  rushes  through  i  keeps  the  drying  substances 
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constantly  somewhat  under  212®;  this  may,  however,  be  easily 
remedied,  by  conducting  the  air  into  the  canal,  through  a  long 
tube,  running  along  under  the  bottom  of  the  canal  down  to  Iky 
and  returning  thence  to  the  other  extremity,  where  it  is  finally 
fitted  into  i ;  this  tube  must  be  soldered  in  its  whole  length  to  the 
external  lower  surface  of  the  canal.  The  air  which  enters  at  * 
through  this  tube  is  already  heated  to  212*^  before  it  comes  into 
contact  with  the  drying  substance.  This  tube  is  not  represented 
in  the  engraving,  in  order  to  keep  the  form  of  the  apparatus 
distinct. 

Instead  of  the  aperture  iw,  we  may  also  very  advantageously 
substitute  large  round  holes  cut  out  of  the  top-lid  of  the  case,  and 
provided  with  covers ;  these  apertures  will  serve  for  the  reception 
of  small  evaporating  dishes.  A  length  of  from  8  to  12  inches 
ought  (o  be  given  to  the  apparatus,  and  a  width  and  depth  of 
about  4  inches ;  the  canal  e  d  should  be  two  inches  wide  i  nd  one 
inch  high. 

PLATES    VIII.    AND    IX. 
PLATE    VIII. 


PLATE    IX. 
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In  the  apparatas  represented  in  Plate  VIII.,  the  stream  of  air 
is  produced  by  the  eflBux  of  water. 

a  represents  a  flask  filled  to  one- third  with  concentrated  sul- 
phuric acid ;  c  a  glass  vessel ;  and  </  a  tin  vessel,  provided  with  a 
stop- cock  at  e ;  and  arranged  in  all  other  respects  as  the  engrav- 
ing shows. 

Plate  IX.  represents  a  small  tin  stew-pan,  containing  water, 
and  covered  with  a  lid ;  two  apertures,  a  and  h,  ai*e  cut  into  the 
border  of  the  latter,  to  receive  the  ascending  limbs  of  c. 

The  substance  intended  for  drying  is  accurately  weighed,  and 
placed  in  the  tubular  vessel,  the  exact  weight  of  the  latter  having 
also  been  previously  ascertained ;  c  is  then  suspended  into  the 
little  stew-pan  represented  in  Plate  IX.,  and  the  water  contained 
in  the  latter  is  heated  to  boiling  by  means  of  a  spirit-lamp  ;  the 
tin  vessel  d  is  then  filled  with  water,  and  c  connected  with  the 
flask  a  by  the  perforated  cork  ^,  and  with  d  by  means  of  a  little 
caoutchouc  tube  f.  If  the  stop-cock  e  be  now  opened  so  as  to 
cause  the  efflux  of  water  from  rf,  the  air  will,  through  the  tube  A, 
rush  into  a ;  its  moisture  will  be  retained  by  the  sulphuric  acid, 
and  the  dry  air  will  then  pass  over  the  drying  substance  in  c. 
After  the  operation  has  been  continued  for  some  time,  it  is  inter- 
rupted for  the  purpose  of  weighing  the  vessel  e  and  its  contents, 
and  then  resumed  again.  The  same  course  is  then  repeated  and 
continued  until  the  weight  oi  c  c  and  its  contents  is  no  longer 
diminished  by  the  extrication  of  the  latter,  but  remain  invariable. 
The  stream  of  cold  air,  exercising  its  constant  cooling  action 
upon  the  drying  substance,  the  latter  never  really  reaches  a  tem- 
perature of  212^.  It  is  advisable,  therefore,  to  substitute  for  the 
water  in  IX.  a  saturated  solution  of  common  salt. 

If  this  substitution  be  adopted,  the  apparatus  represented  in 
Plates  VIII.  and  IX.  will  be  found  to  effect  its  purpose  most 
expeditiously.  It  is  not  adapted,  however,  for  the  drying  of 
such  substances  as  have  a  tendency  to  fuse  at  212^. 

It  has  been  stated  above  that  many  substances  do  not  lose  their 
moisture  completely  at  212°,  but  require  for  their  perfect  exsic- 
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cation  from  280^  to  250^,  and  more.     In  snob  cases  an  air-bath, 
or  an  oil-bath,  are  substitutes  for  the  water-batb. 


PLATE    X. 

This  plate  repre* 
sents  an  air-bath  of 
the  simplest  con- 
sti*uction ;  a  i  is  a 
case  of  strong  sheet 
copper  soldered  with 
brass;  the  aperture 
c  is  intended  to  re- 
ceive a  perforated 
cork,  into  which  a 
thermometer  d  is 
fitted,  reaching  into 
the  internal  space  of 
the  case;  e  repre- 
sents a  wire-stand 
adapted  for  the  re- 
ception of  the  watch-glasses  containing  the  substances  intended 
for  exsiccation.  The  case  is  heated  by  means  of  a  small  spirit, 
or  oil-lamp.  When  the  temperature  has  once  risen  to  the  intended 
point,  it  is  easy  to  maintain  it  pretty  constant,  by  regulating  the 
flame.  In  order  to  lessen  as  much  as  possible  the  unavoidable 
outward  refirigeration  of  the  case,  it  is  advisable  to  place  over  the 
whole  apparatus  a  pasteboard  cover  open  in  front. 
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PLATE   XI. 


In  the  apparatus  represented  in  this  engraving,  tbe  exsiccation 
is  promoted  by  repeated  change  of  air,  induced  by  the  creation  of 
a  vacuum ;  a  represents  a  vessel  of  strong  sheet  copper,  soldered 
with  brass,  and  provided  with  two  apertures  at  the  top ;  J  is  a 
small  glass  tube,  containing  the  substance  intended  for  exsicca- 
tion ;  c  a  thermometer ;  d  a  tube,  with  chloride  of  calcium ;  e  an 
exhausting  syringe. 

The  operation  is  commenced  by  heating  a  to  the  desired 
degree;  h  and  d  are  then  exhausted  by  working  the  syringe. 
Afler  the  lapse  of  a  few  minutes,  fresh  air  is  again  admitted 
through  the  stop-cock  f,  and  then  repassing  through  dy  is  com* 
pletely  freed  from  moisture  by  the  chloride  of  calcium  contained 
in  the  latter.  The  same  process  of  alternate  exhaustion  and  re- 
admission  of  air  is  repeated  over  and  over  again,  until  the  inte- 
rior of  the  tube  g  ceases  to  exhibit  even  the  faintest  breath  of 
moisture,  when  cooled  by  the  application  of  cotton  saturated  with 
ether. 

This  apparatus  may  also  be  used  as  an  oil-bath ;  for  this  latter 
purpose,  however,  the  apparatus  represented  in  Plate  V.  is  most 
frequently  employed. 


I  I 

!  I 
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e.  Substances  which  undergo  no  alteration  at  a  red  heat, 
such  as  sulphate  of  barytes,  common  salt,  &c.,  are  most  readily 
freed  from  moisture.  They  are  simply  heated  in  a  platinum  or 
porcelain  crucible  over  a  spirit-lamp,  until  the  desired  end  is 
attained. 


III.  General  method  of  performing  quantitative 

ANALYSES. 

§  15. 

A  general  analytical  method,  pretending  to  any  degree  of  pre- 
cision, can  only  embrace  a  certain  circle  of  substances,  limited 
and  defined,  at  least,  in  its  general  outlines ;  for  if  we  are  making 
a  road,  it  is  necessary  that  we  should  know  the  points  at  which  it 
is  to  touch.  We  deem  it  advisable,  therefore,  to  premise,  that  the 
general  analytical  method  which  we  propose  to  lay  down  here,  is 
intended  to  embrace  ouly  the  analysis  and  quantitative  deteimina- 
tion  of  the  metals,  and  of  their  combinations  with  the  metalloids; 
and  also  of  the  acids,  and  salt-compounds  of  inorganic  nature. 
The  quantitative  analysis  of  other  compounds — as  the  combina- 
tions of  the  metalloids  with  each  other — does  not  readily  admit 
of  a  universally  applicable  method,  unless  it  be  this,  that  their 
constituents  generally  require  to  be  first  converted  into  bases  or 
acids,  before  their  separation  and  quantitative  determination  can 
be  attempted ;  this  is  the  case,  for  instance,  with  sulphuret  of 
phosphorus,  chloride  of  sulphur,  chloride  of  iodine,  sulphuret  of 
nitrogen,  &c. 

We  have  already  stated,  that  the  quantitative  analysis  of  a  sub- 
stance requires,  in  the  first  place,  a  most  accurate  knowledge  of  the 
properties  and  nature  of  the  substance,  as  well  as  of  its  individual 
constituents,  since  this  will  enable  the  operator  at  once  to  decide 
whether  the  direct  proportional  determination  of  each  individual 
constituent  is  necessary  or  not ;  and,  consequently,  whether  the 
analysis  may  be  made  simply  upon  one  and  the  same  portion,  or 
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whether  he  must  analyse  several  portions  separately.  Let  us 
suppose^  for  instance,  that  we  have  a  mixture  of  chloride  of 
sodium  and  anhydrous  sulphate  of  soda,  and  wish  to  ascertain 
their  exact  proportion.  It  would  he  superfluous  indeed  to  deter- 
mine directly  the  proportional  amount  of  every  individual  consti- 
tuent, since  the  determination  of  the  quantity  of  the  chlorine,  or 
of  the  sulphuric  acid,  is  quite  sufficient  to  answer  the  purposed 
end ;  moreover,  if  we  determine,  in  this  instance,  the  proportion 
both  of  the  chlorine  and  the  sulphuric  acid,  we  possess  an  in- 
fallible control  for  the  correctness  of  our  analysis,  since  the 
united  weight  of  these  two  substances,  added  to  the  known  pro- 
portion of  their  respective  equivalents  of  sodium  and  soda,  must 
be  equal  to  the  weight  of  the  analysed  portion  of  the  mixture. 

Again,  in  this  case  we  may  perform  our  analysis  upon  one 
and  the  same  portion  of  the  mixture,  by  first  precipitating  the 
sulphuric  acid  with  nitrate  of  barytes,  and  subsequently  the  hy- 
drochloric acid  contained  in  the  liquid  filtered  off  from  the  pre- 
cipitated sulphate  of  barytes,  with  solution  of  nitrate  of  silver ; 
or  we  may  use  a  separate  portion  of  the  mixture  for  each  of  these 
two  operations.  The  latter  method,  whenever  it  is  at  all  admissi- 
ble, is  preferable  to  the  former,  in  cases  where  we  have  to  deal 
with  perfectly  homogeneous  substances ;  and  where  we  have  a 
sufEicient  quantity  of  substance  to  act  upon.  It  is  more  con- 
venient than  the  former  method,  and  leads  to  more  correct  results, 
since  in  oases  where  we  operate  upon  one  and  the  same  sample 
of  the  substance  under  examination,  the  unavoidable  washing  of 
the  first  precipitate  swells  the  amount  of  liquid  so  considerably, 
that  the  analysis  is  thereby  protracted ;  and  renders  it,  moreover, 
less  easy  to  guard  against  loss  of  substance. 

We  will  now  proceed  to  describe  the  various  operations  con- 
stituting the  actual  process  of  quantitative  analysis. 
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V    §  16. 
].     WEIGHING   OF  SUBSTANCES. 

With  respect  to  the  amount  of  a  substance  necessary  for  its 
quantitative  analysis^  this  depends  entirely  upon  the  nature  of 
its  constituents,  and  it  is,  therefore,  impossible  to  lay  down  any 
general  rule.  One  half  gramme,  and  even  less,  of  common  salt, 
is  sufficient  to  enable  us  to  determine  the  proportion  of  chlorine 
which  it  contains.  For  the  analysis  of  a  mixture  of  common 
salt  and  sulphate  of  soda,  one  gramme  would  be  sufficient ;  but 
if  we  have  ashes  of  plants,  complex  minerals,  etc.,  to  deal  with, 
it  is  necessary  to  take  from  three  to  four  grammes  or  more. 
From  one  to  three  grammes  may,  however,  in  the  great  majority 
of  cases,  be  considered  sufficient  for  analysis. 

The  greater  the  amount  of  substances  operated  upon,  the  more 
accurate  are  the  results  of  the  analysis ;  the  less  their  amount, 
the  less  time  is  required  for  the  completion  of  the  operation. 
We  would  advise  the  student  of  quantitative  analysis,  to  endea- 
vour  to  combine  accuracy  with  economy  of  time.  The  less 
substance  we  take  to  operate  upon,  the  more  accurately  we 
ought  to  weigh ;  the  greater  the  amount  of  substance,  the  less 
harm  can  result  from  slight  inaccuracies  in  weighing.  In 
analyses  of  tolerably  large  proportions  of  substances,  it  is  cus- 
tomary to  limit  the  accuracy  of  weighing  to  about  one  milli- 
gramme ;  but  in  cases  where  we  have  very  minute  proportions  to 
deal  with,  we  must  weigh  accurately  within  the  one-tenth  of  a 
milligramme. 

If  several  different  quantities  of  a  substance  are  to  be  operated 
upon,  it  is  most  advisable  to  weigh  the  different  portions  succes- 
sively ;  and  this  may  be  accomplished  best  by  weighing  the  whole 
quantity  intended  for  the  analytical  operations  in  a  glass  tube,  or 
other  appropriate  vessel,  the  weight  of  which  has,  likewise, 
been  previously  accurately  ascertained.  From  this  tube,  the  por- 
tions required  for  the  several  operations  are  projected  into  the 
appropriate  vessels,  and  the  weight  determined  every  time  by  the 
diminution  in  the  weight  of  the  tube,     (Compare  ^  10,  4.) 


§    17.]  DETERMINATION    OF    WATER.  47 

§  17. 

2.     DETERMINATION    OF  THE    AMOUNT    OF  WATER   CONTAINED   IN 

SUBSTANCES. 

If  the  substance  to  be  examined  contains  water,  it  is  usual^  in 
the  great  majority  of  .cases,  to  begin  by  determining  the  amount 
of  this  water.  This  operation  is  generally  simple ;  in  some  in- 
stances, however,  it  has  its  difficulties.  This  depends  upon  various 
circumstances,  viz.  whether  the  compounds  intended  for  analysis 
yield  up  their  water  readily  or  not ;  whether  they  can  stand  a  red 
heat  without  undergoing  decomposition,  or  whether,  on  the  con- 
trary, they  yield  up  other  volatile  substances,  besides  their  water, 
even  upon  the  application  of  a  less  degree  of  heat. 

The  correct  apprehension  of  the  constitution  of  a  substance 
depends  frequently  upon  the  accurate  determination  of  the  quan- 
tity of  water  contained  in  it ;  in  many  cases,  such  as,  for  instance, 
in  the  analysis  of  the  salts  of  known  acids,  the  determination  of 
the  amount  of  water  contained  in  the  analysed  compound  suffices 
to  enable  us  to  infer,  and  establish  its  formula.  The  determina- 
tion of  the  amount  of  water  contained  in  a  substance,  is,  there- 
fore, one  of  the  most  important,  as  well  as  most  frequently  occur- 
ring operations  of  quantitative  analysis.  The  proportion  of  water 
contained  in  a  substance  may  be  determined  in  two  ways,  viz. 
1.  by  the  diminution  of  weight  which  the  substance  undergoes 
by  the  expulsion  of  the  water ;  2.  by  weighing  the  amount  of 
water  expelled. 

A. — ^DETERMINATION  OF. THE  PROPORTIONAL  AMOUNT  OF  WATER 
CONTAINED  IN  A  SUBSTANCE,  BY  THE  DIMINUTION  OF  WEIGHT 
WHICH  THE  LATTER  UNDERGOES  UPON  THE  EXPULSION  OF  THE 
WATER  BY  HEAT. 

This  method  is  almost  invariably  adopted  in  the  analysis  of 
inorganic  compounds,  and  is  inadmissible  only  in  very  rare  in- 
stances. The  modus  operandi  and  the  apparatus,  are  exactly  the 
some  with  those  of  exsiccation  described  in  §  14. 
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If  the  substance  intended  for  analysis  will  bear  a  red  heat 
without  losing  any  other  constituent  besides  water,  the  operation 
may  be  conducted  simply  in  a  covered  platinum  or  porcelain  cru- 
cible, or  in  a  small  test  tube,  over  the  flame  of  a  spirit-lamp, 
taking  care  to  commence  with  a  gentle  heat,  and  to  increase  it 
gradually  to  the  desired  point.  If  the  substance  under  examina- 
tion does  not  admit  of  the  application  of  a  red  heat  without  losing 
some  other  constituent  besides  water,  (ammonia,  carbonic  acid, 
&c.)  it  is  exposed  ic  the  temperature  of  a  water-bath ;  or,  should 
it  be  desirable  to  apply  a  higher  degree  of  heat  than  212^  to  the 
heat  of  an  air-bath,  or  an  oil-bath,  provided  with  a  thermometer, 
as  we  have  seen  in  §  14, 

Salts  containing  several  distinct  proportions  of  water,  which 
separate  at  different  temperatures,  are  first  heated  in  the  water- 
bath  until  they  cease  to  lose  weight,  upon  continuing  the 
operation :  they  are  subsequently  exposed  to  temperatures  of  802, 
392,  482,  &o.  in  the  air, — or  oil-bath ;  and  finally  heated*  over 
a  free  fire. 

In  this  manner  variously  combined  proportions  of  water  may 
be  distinguished,  and  their  respective  amounts  correctly  deter- 
mined. Thus,  for  instance,  the  common  perphosphate  of  iron, 
dried  over  sulphuric  acid,  contains  18  equivalents  of  water ;  6  of 
which  volatilize  at  212®,  4  at  between  892°  and  672°,  and  3, 
finally,  at  a  red  heat. 


B. — Determination  of  the  proportional  amount  of  water 

CONTAINED   IN  A  SUBSTANCE,   BY  DIRECT  V^TEIGHING   OF  THE  WA- 
TER EXPELLED   FROM  THE   LATTER  BY  HEAT. 

The  method  which  we  have  just  described  cannot  be  pursued 
in  the  analysis  of  substances  which,  upon  the  application  of  heat 
in  the  common  way,  lose  other  constituents  besides  water.  Sub- 
stances of  this  description  must  be  freed  from  their  water  by  the 
application  of  heat  in  such  a  manner  as  to  admit  of  the  conden- 
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sation  of  the  aqueous  vapours,  and  of  their  transfer  upon  some 
hygroscopic  substance,  the  exact  weight  of  which  has  previously 
been  accurately  ascertained. 

This  operation  may  be  conducted  in  various  ways;  the  follow- 
ing, however,  is  one  of  the  most  appropriate : 

PLATE    XII. 


B  represents  a  gasometer,  filled  with  air ;  3  a  flask,  half  fiUed 
with  concentrated  sulphuric  acid ;  c  and  e  are  chloride  of  calcium 
tubes  ;  ^  is  a  glass  tube,  expanded  into  a  bulb  in  its  centre. 

The  substance  intended  for  examination  is  accurately  weighed 
in  the  perfectly  dry  tube  d ;  the  weight  of  which  is  also  to  be  pre- 
viously ascertained ;  d  is  then  connected,  by  means  of  sound  and 
well-dried  perforated  corks,  with  the  chloride  of  calcium  tubes  c 
and  e ;  the  latter  of  which  must  previously  be  accurately  weighed. 

The  operation  is  then  commenced  by  opening  the  stopcork  g  a 
little,  so  as  to  allow  the  air  to  pass  through  b  and  Cy  (where  its 
moisture  will  be  completely  retained,)  into  d ;  the  latter  is  then 
heated  at/,  beyond  the  boiling  point  of  water,  by  means  of  a  spirit- 
lamp,  (always  taking  care  not  to  bum  or  singe  the  corks  ;)  and, 
finally,  the  bulb  of  the  tube  d^  which  contains  the  substance,  is 
exposed  to  a  slight  red  heat,  whilst  the  above  indicated  tempera- 
ture is  maintained  at/!  After  all  the  water  is  expelled,  the  air  is 
still  allowed,  for  a  few  moments,  to  pass  through  the  apparatus  ;  the 
latter  is  then  taken  asunder,  and  the  chloride  of  calcium  tube  (after 
cooling)  accurately  weighed.     The  increase  in  its  weight  gained 
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during  the  operation,  indicates  the  amount  of  water  originally  con- 
tained in  the  substance  examined. 

The  expulsion  of  the  aqueous  vapour  from  the  tube  containing 
the  substance  under  examination,  into  the  cloride  of  calcium 
tube,  may  also  be  effected  by  other  means  than  a  stream  of  air 
furnished  by  a  gasometer;  viz.,  the  substance,  the  amount  of 
water  of  which  we  intend  to  determine,  may  be  heated  to  redness 
in  a  perfectly  dry  tube,  together  with  carbonate  of  lead,  since  the 
carbonic  acid  of  the  latter  escaping  at  a  red  heat,  serves  here  the 
same  purpose  as  a  stream  of  air.  This  method  is  principally  ap- 
plied in  cases  where  it  is  desirable  to  retain  an  acid  which,  in  the 
former  method,  would  volatilize  together  with  the  water ;  thus  it 
is  applied,  for  instance,  for  the  quantitative  determination  of  the 
water  existing  in  the  acid  sulphate  of  potass,  etc. 

PLATE   XIII. 


Plate  XTII.,  represents  the  apparatus  used  for  the  application  of 
this  method. 

a  *  is  a  common  combustion  furnace ;  cf  a  tube  filled  from  c  to 
d  with  carbonate  of  lead,  (this  must  have  been  heated  to  incipient 
decomposition,  and  subsequently  cooled  in  a  close  tube ;)  from  d 
to  e  is  placed  the  substance  to  be  analysed,  intimately  mixed 
with  carbonate  of  lead;  and  from  e  U>  f  pure  carbonate  of 
lead.  The  chloride  of  calcium  tube  g,  after  being  accurately 
weighed,  is  connexed  with  the  tube  cfhy  means  of  a  well-dried 
perforated  corky. 

The  operation  is  commenced  by  surrounding  the  tube  cf  with 
red-hot  charcoal,  advancing  from/'  towards  c ;  the  inferior  part  of 
the  tube  which  protrudes  from  the  furnace,  should,  during  the 
whole  operation,  be  maintained  at  such  a  degree  of  heat  as  hardly 
to  permit  the  operator  to  lay  hold  of  it  with  his  fingers.  All 
further  particulars  of  this  operation  will  be  found  below  in  the 
chapter  on  organic  elementary  analysis.     The  mixing  of  the  car- 
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bonate  of  lead  with  the  substance  to  be  analysed,  is  performed  best 
with  a  piece  of  wire.     The  tube  cf  may  be  short  and  narrow. 

These  methods,  however,  do  not  suffice  for  all  cases  in  which 
the  application  of  the  method  described  under  a  is  inadmissible ; 
they  are  applicable  only  where  the  substances  evolved  simulta- 
neously with  the  water,  are  not  of  such  a  nature  as  to  admit  of 
condensation  in  the  chloride  of  calcium  tube  (or  in  a  potass 
tube,  which  might  be  substituted  for  the  former).  Thus  they 
are  perfectly  well  adapted  for  determining  the  amount  of  water  in  the 
basic  carbonate  of  zinc,  but  they  cannot  be  applied  to  determine 
the  amount  of  water  in  sulphate  of  soda  and  ammonia.  When 
we  have  to  operate  upon  substances  like  the  latter,  we  must  either 
apply  the  rules  and  processes  of  organic  elementary  analysis,  or 
we  must  be  satisfied  to  determine  the  amount  of  water  indirectly. 

^  18. 

3.    SOLUTION    OF   SUBSTANCES. 

Previously  to  pursuing  the  analytical  process  further,  it  is  in 
most  cases  necessary  to  dissolve  the  substance  under  examination. 
This  operation  is  simple  in  cases  when  the  substance  to  be  ana- 
lysed may  be  dissolved  by  directly  acting  upon  it,  either  with 
water,  or  with  acids  or  alkalies^  etc. ;  but  it  is  more  complicated 
in  cases  where  we  have  to  operate  upon  substances  requiring  flux- 
ing as  an  indispensable  preliminary  to  their  solution. 

If  we  have  mixed  substances  to  operate  upon,  the  several  com- 
ponent parts  of  which  comport  themselves  differently  with  sol- 
vents, it  is  not  by  any  means  necessary  to  dissolve  the  whole  sub- 
stance in  mass;  on  the  contrary,  the  separation  may,  in  such 
cases,  be  effected  in  the  most  simple  and  expeditious  manner  by 
the  different  solvents  required.  Thus,  for  instance,  a  mixture  of 
nitrate  of  potass,  carbonate  of  lime,  and  sulphate  of  barytes,  may 
be  readily  and  accurately  resolved  into  these  three  salts  by  dis- 
solving out,  in  the  first  place,  the  nitrate  of  potass  with  water ; 
and  removing  subsequently  the  carbonate  of  lime  by  means  of 

E  2 


52  RESOLUTION  EFFECTED  BY  FLUXION.     [^  19,20- 

hydrochloric    acid,  leaving   the  insoluble   sulphate    of  barytes 
behind. 

§  19. 

a.    DIRECT   SOLUTION. 

This  operation  is  conducted  either  in  beaker  glasses,  or  in  flasks 
or  dishes ;  and  if  required,  may  be  aided  by  the  application  of 
heat.  The  water-bath  is  the  best  and  safest  method  of  applying  heat 
for  the  promotion  of  solution.  In  cases  where  a  free  fire,  or  the 
sand-bath  are  used  for  the  same  purpose,  it  is  necessary  to  guard 
against  actual  ebullition  of  the  fluid,  since  this  will  render  it 
almost  impossible  to  avoid  loss  by  the  spirting  of  the  liquid.  Fluids 
containing  a  sediment  either  insoluble,  or  at  least,  not  yet  dis- 
solved, when  heated  over  a  spirit-lamp,  or  oil-lamp,  frequently 
begin  to  spirt  even  at  temperatures  far  short  of  the  boiling  point. 

If  the  solution  of  a  substance  be  attended  with  evolution  of 
gas,  the  operation  should  be  conducted  in  a  small  flask  or  retort^ 
placed  obliquely  so  as  to  cause  the  spirting  drops  to  be  thrown 
against  the  walls  of  the  vessel,  since  this  will  prevent  their  being 
carried  off"  with  the  stream  of  the  evolved  gas. 

§  20. 

*.   RESOLUTION   BY  FLUXION. 

According  to  the  different  nature  and  constituents  of  the  sub- 
stances to  be  fused,  we  employ  as  flux  either  carbonate  of  soda,  or 
carbonate  of  soda  and  potass,  or  carbonate  of  barytes,  hydrate  of 
barytes,  or,  finally,  acid  sulphate  of  potass. 

It  may  be  laid  down  as  a  general  rule,  that  carbonate  of  soda 
is  used  as  the  flux  in  the  fiision  of  heavy  spar,  celestine,  and  gyp- 
sum, as  well  as  of  siliceous  minerals,  either  actually  free  from 
alkalies,  or  in  which  we  do  not  want  to  determine  the  amount  of 
alkali  they  may  contain.  Carbonate  of  barytes,  and  hydrate  of 
barytes  serve  to  decompose  silica  compounds,  containing  alkalies, 
when  we  want  to  determine  the  amount  of  the  latter ;  and  the  acid 
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sulphate  of  potass  is  particularly  well-adapted  for  the  fluxion  of 
certain  alumina  compounds  insoluble  in  hydrochloric  acid. 

In  almost  eyery  case  of  resolution  by  fluxion,  it  is  indis- 
pensable to  reduce  the  substance  fo  be  operated  upon  to  the  very 
highest  degree  of  comminution  by  levigation  and  elutriation ;  if 
this  preliminai7  operation  be  imperfectly  performed,  complete  re- 
solution can  never  be  reasonably  expected. 

a.  FLUXION  WITH  CARBONATE  OF  SODA. 

The  substance  to  be  fluxed,  after  having  been  most  finely  pul- 
verized, is  mixed  in  a  platinum  crucible,  with  from  three  to  four 
times  its  amount  of  e£9oresced  and  perfectly  anhydrous  carbonate 
of  soda ;  the  mixing  is  performed  with  a  glass  rod,  rounded  at 
one  end ;  the  minute  particles  adhering  to  the  rod,  are  subse- 
quently wiped  ojff  against  a  small  proportion  of  carbonate  of  soda 
upon  a  card ;  and  the  contents  of  the  latter  are  then  likewise  pro- 
jected into  the  crucible.  This  is  then  well  covered ;  and  accord- 
ing to  its  size,  exposed  either  to  the  flame  of  a  spirit-lamp  with 
double  draught,  or  inserted  into  a  hessian  crucible  filled  with  cal- 
cined magnesia  to  a  charcoal  fire.  The  heat  applied  must  be 
gentle  at  first,  and  should  be  increased  gradually  to  the  most 
intense  red  heat ;  and  the  operation  ought  to  be  continued  for 
firom  30  to  60  minutes,  when  the  mixture  will  be  either  in  a  state 
of  complete,  or  at  least  of  semi-fusion. 

The  contents  of  the  crucibles,  after  cooling,  are  treated  either 
with  water,  (in  cases  where  we  have  to  operate  upon  sulphates  of 
the  alkaline  earths,)  or  with  dilute  hydrochloric  acid,  or  nitric 
acid,  (when  we  have  to  act  upon  silicates.) 

In  most  cases,  a  gentle  blow  on  the  crucible  will  be  sufficient 
to  efiect  the  liberation  of  the  fused  cake  from  its  bottom  and 
sides.  In  cases  where  we  have  to  operate  upon  silicates,  the  fused 
mass  (or  even  the  crucible,  together  with  its  contents)  is  put  into 
a  beaker  glass,  and  covered  with  from  10  to  16  times  its  amount 
of  water ;  hydrochloric  acid  is  then  gradually  added,  taking  care 
to  cover  the  vessel  with  a  glass  plate ;  or,  better  still,  with  a  large 
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watch-glass,  or  a  perfecdy  clean  porcelain  dish,  so  as  to  prevent 
the  loss  of  the  drops  carried  upwards  by  the  carbonic  acid 
evolved. 

The  solution  is  aided  by  the  application  of  a  gentle  heat,  which 
ought  to  be  continued  for  some  time,  even  after  the  whole  mass 
is  dissolved ;  since  it  will  cause  the  perfect  expulsion  of  the  car- 
bonic acid,  and  thus  prevent  any  loss  by  efflorescence  upon  the 
subsequent  evaporation  of  the  solution.  Should  the  fluid,  when 
acted  upon  by  the  hydrochloric  acid,  deposit  a  powder,  (chloride 
of  sodium,  or  chloride  of  potassium,)  this  may  be  considered  as  a 
sign  that  the  amount  of  water  used  is  not  sufficient ;  and,  conse- 
quently, a  fresh  quantity  of  this  menstruum  should  be  added. 

After  the  completion  of  the  operation,  minute  drops  of  liquid 
adhering  to  the  glass  plate,  (or  watch-glass,  or  porcelain  dish,) 
that  has  been  used  to  cover  the  beaker  glass,  are  rinsed  off  into 
the  solution ;  and  the  crucible,  likewise,  is  rinsed  with  dilute 
hydrochloric  acid,  and  the  rinsing,  added  to  the  solution. 

If  the  re-solution  of  the  silicates  acted  upon,  has  been  complete, 
the  solution  obtained  by  means  of  hydrochloric  acid,  will  be  per- 
fectly clear;  or  slight  flakes  of  silica  only  will  appear  floating  in 
it.  But  if  a  heavy,  gritty  powder  subsides  to  the  bottom  of  the 
beaker  glass,  this  may  be  looked  upon  as  unresolved  mineral,  the 
non-resolution  of  which  is  generally  owing  to  deficient  elutriation. 
In  such  cases,  it  is  indeed  admissible  to  filter  off  from  the  sedi- 
ment, and  to  dry  and  weigh  the  latter,  subtracting  its  weight 
from  the  amount  originally  acted  upon ;  but  it  is  better  to  flux 
this  sediment  once  more  with  carbonate  of  soda,  or  carbonate  of 
soda  and  potass ;  better  still  to  recommence  the  whole  operation 
with  an  entirely  fresh  portion  of  the  substance  to  be  resolved ; 
taking  every  possible  care  to  levigate  and  elutriate  this  fresh  por- 
tion to  the  very  highest  degree  of  comminution. 

P» — Fluxion  with  hydrate  of  barytes,  or  carbonate  of 

BARYTES. 

Fluxion  with  carbonate  of  barytes  requires  an  extremely  high 
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temperature^  to  be  attained  onlyby  aSefstrdm  iumace,  since  this  flux 
remains  refractory  in  the  very  strongest  heat  that  can  be  produced 
by  a  common  wind  furnace ;  and  it  is  only  in  a  state  of  fusion  that 
it  efifects  complete  resolution.  But  once  in  fusion^  the  resolving 
power  of  carbonate  of  barytes  is  so  energetic^  that  even  the  most 
difficultly  decomposable  fossils  are  readily  and  completely  resolved 
by  the  action  of  this  flux.  From  four  to  six  parts  of  carbonate  of 
barytes  are  used  to  one  part  of  the  mineral  to  be  analysed.  The 
fusion  is  conducted  in  a  platinum  crucible  introduced  into  a  fire- 
proof crucible^  which  is  filled  with  magnesia ;  the  latter  is  left  in 
the  furnace  for  a  quarter  of  an  hour. 

If  we  have  to  operate  upon  more  readily  decomposable  mine- 
rals, we  may  attain  our  object  more  easily  by  using,  instead  of 
carbonate,  hydrate  of  barytes,  which  has  been  freed  from  its 
water  of  crystallization.  From  four  to  five  parts  of  the  hydrate 
of  barytes  are  intimately  mixed  with  one  part  of  the  mineral  to 
be  analysed;  this  mixture  may  then  be  very  advantageously 
covered  with  a  layer  of  carbonate  of  barytes.  The  operation  is 
best  conducted  in  silver  crucibles  over  a  good  spirit-lamp.  Pla- 
tinum crucibles  are  slightly  acted  on  by  it ;  the  mixture  gets 
either  perfectly  fused,  or,  at  any  rate,  its  particles  agglutinate 
completely  into  a  state  of  semi-fusion. 

After  the  completion  of  the  operation,  no  matter  whether  car 
bonate  or  hydrate  of  barytes  has  been  used  as  the  flux,  the  cru- 
cible is  allowed  to  cool,  and  its  outside  is  carefully  washed ;  the 
crucible  is  then  introduced  into  a  beaker  glass,  and  covered  with 
from  ten  to  fifteen  parts  of  water ;  hydrochloric  acid  is  then 
added,  (or  nitric  acid,)  and  the  further  operation  conducted  ex- 
actly as  stated,  when  we  treated  of  fluxion  with  carbonate  of 
soda,  at  A.  Care  should  be  taken  not  to  add  too  much  hydro- 
chloric at  once,  since  the  chloride  of  bariuin  formed  is  with  diffi- 
culty soluble  in  that  acid;  and  might,  consequently,  impede  the 
further  solution,  by  forming  round  the  still  undissolved  portion 
of  the  fused  mass,  a  kind  of  crust  insoluble  in  the  menstruum 
present. 
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y.   FLUXION   WITH   ACID   SULPHATE   OF   POTASS. 

One  part  of  finely  pulverized  and  elutriated  mineral  is  mixed  with 
from  five  to  six  parts  of  powdered  acid  sulphate  of  potass  in  a  pla- 
tinum crucible,  which  ought  to  be  covered  in  order  to  avoid  the  too 
rapid  evaporation  of  the  excess  of  acid ;  the  flame  of  a  spirit-lamp 
is  then  applied  until  the  contents  of  the  crucible  begin  to  fuse, 
and  the  same  temperature  is  maintained  until  the  whole  mixture 
is  fused  into  a  transparent  mass.  This  mass,  after  cooling,  is 
mixed  with  water  and  heated  to  boiling.  According  to  the 
nature  of  the  mineral  operated  upon,  either  the  whole  mass  will 
be  dissolved  by  this  process,  or  only  a  part  of  it ;  the  rest  re- 
maining undissolved. 

§  21. 

4.    CONVERSION    OF   THE    DISSOLVED    SUBSTANCES   INTO    A 
PONDERABLE   FORM. 

The  conversion  of  a  substance  in  solution,  into  a  form  adapted 
for  weighing,  may  be  effected  either  by  evaporation,  or  by  pre- 
cipitation. The  former  of  these  operations  is  applicable  only  in 
cases  where  the  substance,  the  weight  of  which  we  are  desirous  to 
ascertain,  either  exists  already  in  the  solution  in  the  form  suit- 
able  for  the  determination  of  its  weight,  or  may  be  converted  into 
such  form  by  evaporation  with  some  re- agent.  The  substance 
must,  moreover,  be  in  solution,  either  by  itself,  or,  at  least,  mixed 
only  with  such  bodies  as  are  expelled  by  evaporation,  or  at  a  red 
heat.  Thus,  for  instance,  the  amount  of  sulphate  of  soda  present 
in  an  aqueous  solution  of  that  substance  may  be  ascertained  by 
simple  evaporation ;  whilst,  if  we  wish  to  determine  the  amount 
of  carbonate  of  potass  present  in  a  solution  of  this  substance,  it 
will  be  more  advisable  to  convert  this  carbonate  of  potass  into 
chloride  of  potassium,  by  mixing  its  solution  with  solution  of  sal 
ammoniac^  and  evaporating  this  mixture. 
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Precipitation  may  always  be  resorted  to  whenever  the  substance 
in  solution  admits  of  being  transformed  into  a  state  or  combina- 
tion in  which  it  is  insoluble  in  the  menstruum. 

§  22. 

a,   EVAPORATION. 

In  evaporation  for  pharmaceutical,  or  technico-chemical  pur- 
poses, we  have  principally  to  consider  the  saving  of  time  and 
fuel ;  but  when  this  operation  is  undertaken  for  the  purpose  of 
quantitative  analysis,  these  points  are  but  subordinate ;  our  chief 
care  is  to  prevent  loss,  or  contamination  of  the  substance  ope- 
rated upon. 

Fluids  in  a  state  of  actual  ebullition  lose  continually  and  una- 
voidably minute  drops  by  bubbling  and  spirting.  It  is,  there- 
fore, advisable  to  use  the  water-bath  at  the  boiling  point  for  the 
evaporation  of  aqueous  solutions ;  but  for  the  evaporation  of  al- 
coholic or  etherial  solutions,  the  temperature  of  the  water-bath 
may  be  more  or  less  high,  according  to  circumstances  ;  of  course 
always  falling  short  of  the  boiling  point.  This  arrangement  will 
protect  the  solution  from  too  high  a  temperature. 

Should  the  operator  possess  a  Beindorf 's  steam  apparatus,  or 
one  similarly  constructed,  this  may  be  advantageously  substituted 
for  the  water-bath ;  otherwise  we  recommend  a  water-bath,  con- 
structed as  follows. 

PLATE  XIV.  The     engraving    represents    a 

basin  made  of  strong  sheet  copper. 
For  use,  this  basin  is  half  filled 
with  water,  which  is  kept  boiling 
by  the  flame  of  a  spirit  or  oil- 
lamp.  Several  rings,  adapted  to 
the  different  size  of  the  evaporat- 
ing dishes  or  saucepans,  serve  to 
receive  the  latter  The  contents  of  the  vessel  from  a  to  d  ought 
to  be  from  four  to  six  inches. 
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Larger  qnantities  of  fluids  may  be  evaporated  also  in  the  sand- 
bath,  or  in  a  common  stove,  or  even  over  a  free  fire,  if  we  guard 
careAilly  against  ebullition.  Evaporation  over  a  free  fire,  when 
properly  and  cautiously  conducted,  is  a  very  convenient,  expe- 
ditious, and  clean  process,  which  may  be  adopted  in  all  cases 
where  the  fluids  operated  upon  are  clear,  and  not  apt  to  deposit 
a  precipitate  during  their  evaporation.  The  operation  is  con- 
ducted most  advantageously  over  a  spirit  or  oil-lamp,  the  flame 
of  which  may  easily  be  regulated,  so  as  to  maintain  the  tempera- 
ture between  158®  and  194®. 

This  species  of  evaporation  ought,  however,  to  be  continued 
only  as  long  as  the  fluid  remains  pretty  dilute.  The  evaporation 
to  dryness  is  invariably  conducted  best  in  a  water-bath,  or  other 
bath  of  sufficiently  low  temperature. 

The  evaporation  of  fluids  containing  an  insoluble  sediment 
cannot  well  be  conducted  in  the  common  way,  in  a  dish  over  the 
free  flame  of  a  spirit  or  oil-lamp,  even  although  but  a  very  mode- 
rate degree  of  heat  be  maintained,  since  it  would  be  hardly  pos- 
sible to  prevent  slight  explosions  of  steam  bubbles,  arising  from 
the  sediment  impeding  the  equal  distribution  of  the  heat  This 
may,  however,  be  remedied  by  conducting  the  evaporation  in  a 
crucible,  placed  obliquely  on  the  flame,  as  illustrated  in  Plate  XV. 

In  this  process  the  flame  is 
guided  in  such  a  manner  as  to 
play  upon  the  crucible  above  the 
level  of  the  fluid. 

Many  salts  have  a  tendency 
upon  the  evaporation  of  their  so- 
lutions, to  ascend  efflorescing  along 
the  walls  of  the  evaporating  ves- 
sel; and,  finally,  to  extend  this 
efflorescence  over  the  border  of 
the  latter  ;  this  tendency,  of 
course,  may  cause  a  loss  of  the 
substance;  however,  if  the  solu- 
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lions  of  such  salts  be  evaporated  in  crucibles  in  the  manner  illus- 
trated in  Plate  XV.,  there  will  be  no  danger  of  any  loss  arising 
from  this  tendency,  since  the  upper  parts  of  the  vessel  will  be  so 
hot  as  to  cause  the  ascending  liquid  to  evaporate  immediately, 
leaving  the  salt  behind.  When  the  operation  is  conducted  in  dishes 
in  the  common  way,  the  disadvantage  just  alluded  to  may  generally 
be  remedied,  simply  by  covering  the  border  and  uppermost  part 
of  the  internal  surface  of  the  dish  with  an  extremely  thin  coating 
of  tallow. 

Fluids  evolving  gas  bubbles  upon  evaporation  require,  in  the 
first  place,  to  be  heated  in  an  obliquely-placed  flask  until  all  the 
gas  is  expelled.  If  this  necessary  preliminary  be  neglected,  it 
will  be  found  impossible  to  evaporate  such  fluids  without  loss. 

If  the  operator  can  manage  to  conduct  his  processes  of  eva- 
poration in  a  private  room,  where  he  may  easily  guard  against 
any  occurrence  tending  to  suspend  minute  particles  of  dust  or 
ashes  in  the  air,  he  will  find  it  a  very  easy  task  to  keep  the 
evaporating  fluid  properly  pure,  even  without  covering  the  dishes 
or  saucepans  in  which  the  operation  is  conducted. 

But  in  a  large  laboratory,  or  in  a  room  exposed  to  draughts 
of  air,  or  in  which  a  coal  fire  is  burning,  the  greatest  caution  is 
required  to  shield  the  evaporating  fluids  firom  the  contamination 
of  dust,  dirt,  and  ashes. 

For  this  purpose  the  evaporating  vessel  is  either  covered  with 
a  sheet  of  blotting-paper,  turned  closely  down  over  its  borders, 
or  a  glass  rod  bent  into  a  triangular  shape,   (Plate  XVI.,)  is 
PLATE  XVI.  placed  upon  the  borders  of  the  vessel, 

and  a  sheet  of  blotting-paper  spread 
over  it;  and.  the  position  of  the  latter 
maintained  by  laying  a  glass  rod  across 
it,  which  is  prevented  from  rolling 
down  by  the  slightly  tumed-up  extre- 
mities {a  and  V)  of  the  triangle. 
The  following  method,  however,  may  be  recommended  as  the 
most  advantageous. 
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Order  of  any  sieve-maker  two  small  and  thin  wooden  hoops, 
PLATE  XVII.  (Plate  XVII.,)  one  of  which  must  be 

made  to  fit  loosely  in  the  other ;  spread 
a  sheet  of  blotting-paper  over  the 
smaller  of  the  two,  and  push  the  larger 
over  it.  This  will  form  a  cover  admi- 
rably adapted  to  the  purpose  for  which 
it  is  intended.  It  will  protect  the  eva- 
porating fluid  against  any  particles  of  dust  floating  in  the  air ; 
it  may  be  readily  removed  from  the  evaporating  vessel;  the 
■  paper  does  not  come  in  contact  with  the  fluid ;  and  this  kind  of 
cover  does  not,  in  the  slightest  degree,  impede  or  retard  the  pro- 
cess of  evaporation.  It  is,  moreover,  very  durable,  and  may  at 
any  time  be  readily  renovated. 

It  is  necessary  sometimes  to  heat  the  salt  residue  remaining, 
upon  evaporation  in  the  water  bath  above  212**.  For  this  pur- 
pose we  may  either  use  a  sand-bath  or  an  air-bath ;  the  apparatus 
represented  by  Plate  XIV  is  perfectly  weU  adapted  for  the  latter, 
(although  it  gets  spoiled  in  course  of  time  when  put  to  this  use ;) 
during  the  process,  the  salt  mass  ought  to  be  continually  stirred 
with  a  glass  rod,  or  platinum  spatula. 

Evaporation  is  usually  conducted  in  platinum,  silver,  porcelain, 
or  glass  dishes ;  sometimes  in  beaker- glasses,  flasks,  or  retorts ; 
and  also  in  crucibles,  as  I  have  already  had  occasion  to  mention. 
In  cases  where  a  fluid  is  to  be  evaporated  with  exclusion  of  the 
air,  a  tubulated  retort  is  used,  and,  according  to  circumstances, 
either  hydrogen  gas,  or  carbonic  acid  gas,  is  introduced  through 
a  tube  inserted  into  the  tubular  aperture  of  the  retort,  and  reach- 
ing into  the  latter  within  a  very  short  distance  of  the  surface 
of  the  liquid.  The  question,  which  kind  of  vessels  are  best 
suited  to  the  various  substances  ?  may,  after  the  remarks  which 
we  have  had  occasion  to  make  in  the  course  of  this  paragraph, 
be  left  to  the  operator's  judgment. 

With  respect  to  the  material  of  the  evaporating  vessels,  the 
first  and  most  essential  point  for  consideration  is  that  the  evapo- 
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rating  fluid  does  not  act  upon  it.  The  method  of  testing  glass 
and  porcelain  vessels,  as  to  their  applicability  for  the  evaporation 
of  acid  fluids,  is  very  simple.  Pure  hydrochloric  acid,  or  pure 
nitric  acid,  is  heated  for  some  time  in  the  glass  or  porcelain 
vessel  in  question,  and  evaporated  to  within  a  small  amount; 
the  remainder  is  then  transferred  into  a  platinum  dish,  and  com- 
pletely evaporated,  when  the  fact  of  its  leaving  a  residue  or  not 
will  at  once  fully  indicate  whether  the  examined  vessel  is  fit  for 
the  intended  use  or  not. 

We  have  now  to  treat  of  the  weighing  of  the  dry  residue  re- 
maining upon  evaporation. 

These  residues  are  invariably  weighed  in  the  same  vessel  in 
which  the  evaporation  has  been  completed;  and  here  we  may 
state,  that  platinum  or  silver  dishes,  of  from  two  to  three  inches 
in  diameter,  are  best  adapted  for  the  purpose,  since  with  the  same 
capacity  they  are  lighter  than  porcelain  vessels. 

In  most  cases  the  amount  of  the  fluid  intended  to  be  evapo* 
rated  is  so  considerable  that  it  cannot  be  evaporated  at  once  in 
so  small  a  vessel,  and  its  gradual  evaporation  in  portions  would 
occupy  too  much  time.  In  such  cases  the  fluid  is  first  concen- 
trated in  a  larger  vessel,  and  the  evaporation  finally  completed  in 
the  small  platinum  or  silver  vessel  in  which  the  residue  is  to  be 
weighed. 

When  transferring  the  fluid  from  the  larger  into  the  smaller 
dish,  the  lip  of  the  former  must  be  slightly  smeared  with  tallow, 
and  the  fluid  made  to  run  down  an  inclined  glass  rod.  (Plate 
XVIII.) 

Finally,  the  dish  is  carefdlly  rinsed 
by  means  of  a  syringe  bottle  until  the 
last  rinsing  leaves  no  residue  when  eva- 
porated upon  a  platinum  plate.  After 
the  solution  has  been  thus  completely 
transferred  into  the  smaller  dish,  the 
evaporation  is  completed  in  the  water 
bath,  and  the  residuary  salt  finally  ex- 
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posed  to  a  red  heat ;  provided  always  it  will  admit  of  this  process. 
For  this  purpose  the  dish  is  covered  with  a  lid  of  thin  platinum 
plate^  or  with  a  thin  glass  plate,  and  then  exposed  to  the  flame 
of  a  spirit,  or  oil-lamp,  heating  gently  at  first,  so  as  to  expel 
all  the  water  which  may  still  adhere  to  the  suhstance ;  and  in- 
creasing the  flame  subsequently  to  such  a  degree  as  to  heat  the 
dish  to  redness.  (If  a  glass  plate  be  used  as  a  cover,  this  must, 
of  course,  be  first  removed  before  the  application  of  redheat  can 
be  resorted  to.)  The  dish  is  then  allowed  to  cool ;  if  the  contents 
are  Uable  to  absorb  water,  the  process  of  refrigeration  must  be 
conducted  under  a  glass  bell  by  the  side  of  a  vessel  containing 
concentrated  sulphuric  acid.  (Vide  Plate  III.)  After  cooling, 
the  covered  dish  is  weighed  with  its  contents.  When  we  have 
to  operate  upon  substances  having  water  adhering  mechanically, 
such  as  common  salt,  for  instance,  it  is  very  advisable  to  expose 
them, — ^after  their  removal  from  the  water-bath,  and  previously  to 
the  application  of  a  free  flame, — to  a  temperature  somewhat  above 
212?,  either  in  the  air-bath,  or  in  a  sand-bath,  or  on  a  common 
stove. 

If  tbe  residue  does  not  admit  of  the  application  of  a  red-heat, 
as  when  we  have  to  deal  with  organic  substances,  ammoniacal 
salts,  &c.,  we  have  simply  to  dry  the  residuary  mass  at  a  tem- 
perature suited  to  its  nature.  In  many  cases  the  temperature 
of  the  water-bath  is  suflSciently  high  for  this  purpose,  (for  the 
drying  of  sal  ammoniac,  for  instance;)  in  others,  the  air-bath  or 
oil-bath  must  be  resorted  to.  (Vide  §  14.)  Under  any  circum- 
stances, the  exsiccation  is  to  be  continued  until  the  substance 
ceases  to  sufier  the  slightest  diminution  in  weight  after  renewed 
exposure  to  the  drying  heat,  for  from  fifteen  to  thirty  minutes. 
The  dish  should  invariably  be  covered  during  the  weighing. 
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§  23. 

h.    PRECIPITATION. 

Precipitation  is  applied  in  cases  of  quantitative  analysis  far 
more  frequently  than  evaporation,  since  it  serves  not  merely  to 
convert  substances  in  ponderable  forms,  but  also,  and  more  espe- 
cially to  separate  them  from  one  another.  The  principal  inten- 
tion in  precipitation,  for  the  purpose  of  determining  the  amount 
of  a  substance  in  solution,  is  to  convert  this  substance  into  a 
form  in  which  it  is  insoluble  in  the  menstruum  present.  The 
result  will  accordingly,  cateris  paribus,  be  the  more  accurate  the 
more  the  precipitated  substance  deserves  the  epithet  insoluble ; 
and  in  cases  where  a  substance  may  be  precipitated  in  several 
different  forms,  possessing  the  same  degree  of  insolubility,  that 
form  will  be  least  liable  to  loss  which  occurs  with  the  least  amount 
of  solvent. 

Hence  it  follows,  first,  that  in  all  oases  where  other  circum- 
stances do  not  interfere  with  our  choice,  it  is  preferable  to  pre- 
cipitate substances  in  their  most  insoluble  form;  thus,  for  in- 
stance, barytes  should  be  precipitated  as  a  sulphate,  rather  than 
as  a  carbonate ;  secondly,  that  when  we  have  to  deal  with  pre- 
cipitates which  are  not  altogether  insoluble  in  the  menstruum 
present,  we  must  endeavour  to  diminish  and  remove  this  men- 
struum by  evaporation  as  far  as  is  practicable  ;  thus  a  dilute  solu- 
tion of  strontian  should  be  concentrated  before  proceeding  to 
precipitate  the  strontian  with  sulphuric  acid;  and  thirdly,  that 
when  we  have  to  do  with  precipitates  slightly  soluble  in  the  liquid 
present,  but  altogether  insoluble  in  another  menstruum,  into 
which  the  former  may  be  converted  by  the  addition  of  some  sub- 
stance or  other,  we  ought  to  endeavour  to  bring  about  this  modi- 
fication of  the  menstruum.  Thus,  for  instance,  water  should  be 
converted  into  spirits  of  wine  by  the  addition  of  alcohol  when 
we  wish  to  induce  complete  precipitation  of  chloride  of  platinum 
and  ammonium,  chloride  of  lead,  sulphate  of  lime,  &c. ;  thus  again 
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the  basic  phosphate  of  magnesia  and  ammonia  may  be  rendered 
insoluble  in  water  by  adding  ammonia  to  the  latter,  &c. 

Precipitation  is  generally  effected  in  beaker  glasses.  In  cases, 
however,  where  we  have  to  precipitate  from  fluids  in  a  state  of 
ebullition,  or  when  the  precipitate  requires  to  be  kept  boiling 
for  some  tune  with  the  menstruum,  small  flasks,  or  dishes 
are  substituted  for  beaker  glasses.  The  separation  of  precipitates, 
from  the  fluid  in  which  they  are  suspended,  is  effected  either  by 
decantation  or  hyjiltration. 


h  24. 

a.    SEPARATION   OF  PRECIPITATES    BY  DECANTATION. 

When  a  precipitate  subsides  so  completely  and  speedily  in  a 
fluid  that  the  latter  may  be  decanted  off  perfectly  clear,  and  that 
the  washing  of  the  precipitate  does  not  require  a  very  long  time, 
decantation  is  resorted  to  for  its  separation ;  this  is  the  case,  for 
instance,  with  chloride  of  silver,  metallic  mercury,  &c. 

Decantation  will  be  found  a  very  expeditious  and  accurate  me- 
thod of  separation,  if  the  process  be  conducted  properly  and  care- 
fully; it  is  necessary,  however,  in  most  cases,  to  promote  and 
assist  the  speedy  and  complete  subsidence  of  the  precipitate ;  and 
it  may  be  laid  down  as  a  general  rule  in  this  respect,  that  heating 
the  precipitate  with  its  menstruum  will  produce  the  desired  effect. 
Nevertheless,  there  are  instances  in  which  the  simple  application 
of  heat  will  not  cause  the  precipitate  to  subside  so  speedily  and 
completely  as  may  be  desirable ;  in  some  cases,  as  with  chloride 
of  silver,  agitation  of  the  fluid  must  be  resorted  to ;  in  other 
cases,  some  re-egent  or  other  is  to  be  added — ^hydrochloric  acid, 
for  instance,  in  the  precipitation  of  mercury,  &c.  We  shall  have 
occasion,  subsequentiy,  in  the  fourth  section,  to  discuss  this 
point  more  fully,  when  we  shall  likewise  treat  of  the  vessels  best 
adapted  for  the  performance  of  this  process  in  its  various  modi- 
fications, according  to  the  nature  of  the  precipitate. 
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After  having  washed  the  precipitate  with  renewed  quantities  of 
the  appropriate  fluid,  until  there  is  no  trace  of  a  dissolved  sub*- 
stance  can  be  detected  in  the  last  rinsings,  the  precipitate  is  pro- 
jected into  an  appropriate  crucible  or  dish,  (if  it  is  not  already  in 
a  vessel  of  that  description) ;  the  fluid  still  adhering  to  it  is  poured 
off  as  far  as  is  practicable,  and  the  precipitate^  according  to  its 
nature,  is  then  either  dried  or  heated  to  redness. 

A  far  larger  amount  of  water  being  required  for  washing  preci- 
pitates separated  by  decantation,  than  is  the  case  with  precipitates 
washed  upon  filters,  the  former  process  can  be  expected  to  yield 
accurate  results  only  in  oases  where  the  precipitates  are  absolutely 
insoluble.  For  this  reason,  decantation  is  not  ordinarily  resorted 
to  in  cases  where,  besides  the  amount  of  the  precipitated  sub- 
stance, we  have  to  determine  the  amount  of  otiher  constituents 
contained  in  the  decanted  fluid. 


§  25. 

B, — Separation  of  PRECiprrATEs  by  filtration. 

This  operation  is  resorted  to  whenever  decantation  is  imprac- 
ticable ;  and,  consequently,  in  the  great  majority  of  cases. 

a  a.  Filtering  apparatus.  Filtration,  as  a  process  of  quan- 
titative analysis,  is  almost  exclusively  effected  by  means  of  paper 
filters,  supported  by  glass  funnels. 

Smooth  and  perfectly  circular  filters  are  invariably  selected  in 
quantitative  analysis.  Much  depends  upon  the  quality  of  the 
paper.  To  be  perfect,  this  ought  to  combine  the  three  following 
properties  :— -1.  It  should  completely  retain  even  fine  precipitates ; 
2.  It  should  filter  rapidly ;  and  8.  It  should  be  as  free  as  possible 
from  any  admixture  of  inorganic  bodies,  but  more  especially  firom 
such  as  are  soluble  in  acid  or  alkaline  fluids..  Swedish  filtering 
paper  is  the  best.  It  is  not  very  easy,  however,  to  procure  the 
article  genuine,  since  many  of  the  papers  sold  under  this  name  are 
of  greatly  inferior  quality,  with  respect  to  their  filtering  capacity,  as 
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well  as  with  regard  to  their  parity,  containing  as  they  do,  in  many 
instances,  perceptible  traces  of  lime,  magnesia,  and  iron ;  and 
leaving  upon  incineration  about  0.3  per  cent,  of  ashes,  which  is 
considerably  more  than  the  genuine  article  does. 

It  is  advisable,  therefore,  to  treat  filtering  paper  intended  for 
minute  experiments,  with  hydrochloric  acid,  in  order  to  free  it 
from  the  inorganic  substances  which  it  may  contain ;  the  paper  is 
subsequently  carefully  washed  with  water  to  remove  every  trace 
of  the  acid,  and  finally  dried,  when  it  may  be  considered  fit  for 
use. 

Beady-cut  filters  of  various  sizes  should  always  be  kept  on  hand* 
Filters  are  cut  either  by  the  pattern  of  circular  pieces  of  paste- 
board or  tin,  or  the  paper  is  folded  doubly  together,  so  that  the 
borders  form  right  angles,  and  placed  between  two  tin  plates,  cut 
in  the  shape  of  segments.     (Plate  X.IX.) 

PLATE  XIX.  That  portion  of  the  pa- 

per which  projects  from 
between  the  two  plates,  is 
cut  off  with  the  scissors. 
®  ^  Filters  cut  in  this  manner 
are  perfectly  circular.  Se- 
veral pairs  of  tin  plates  of 
various  sizes  should  be  procured  for  this  purpose. 

In  the  selection  of  funnels^  care  should  be  taken  that  they  be 
straight,  and  inclined  at  the  proper  angle  (60^).  Glass  is  the 
most  suitable  material  for  funnels. 

The  filters  should  never  be  allowed  to  reach  over  the  brim  of 
the  funnel ;  the  best  way  is  to  select  invariably  a  filter,  the  radii 
of  which  are  by  one  or  two  lines  shorter  than  those  of  the  funnel 
into  which  it  is  to  be  inserted. 

The  filter  is  firmly  pressed  into  the  fiinnel,  so  as  to  get 
the  paper  at  every  point  closely  contiguous  to  the  sides  of  the 
latter. 

When  the  apparatus  is  to  be  used,  the  filter  is  moistened  with 
water,  which  should  be  allowed  to  trickle  off  through  the  tube  of 
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PLATB   XX, 


the  funnel ;  and  under  no  ciroumstances  whatever  he  poured  oflF 
by  inverting  the  latter. 

The  stand  represented  in  Plate  XX.  completes  the  filtering 
apparatus. 

This  stand  is  very  con- 
venient, and  may  be  easily 
carried  about  from  one 
place  to  another,  without 
interfering  with  the  opera- 
tion. 

The    aperture    in    the 

arm  a  must  be  out  sloping 

conically  downwards,    to 

keep  the  funnel  steadily 

in  its  place;    the  arm  b 

serves  for  the  reception  of 

a  rinsing  bottle.     (Vide 

Plates  XXIV.  and  XXV.) 

The  stand  should  be  made 

ofsolid  hard  wood.  Stands 

having  several  arms  on  the  same  rod,  and  in  each  of  these  arms, 

several  apertures  for  the  reception  of  funnels,  do  not  appear  to 

me  practically  useful. 

§  26. 


bb. — ^RULES  AND   PRECAUTIONS    TO    BE    OBSERVED    IN   THE   PRO- 
CESS OF  FILTRATION. 

Precipitates  of  a  curdy,  glutinous,  fiocoulent,  or  crystalline 
nature,  may  be  filtered  immediately  after  precipitatiou,  whenever 
there  exists  no  43pecial  reason  for  the  delay.  But  in  cases  where 
we  have  to  deal  with  fine  pulverulent  precipitates,  it  is  generally 
necessary,  and  always  advisable,  after  allowing  the  precipitate  to 
subside  first,  to  filter  the  supernatant  liquid,  and  finally  to  pro- 

F  d 
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ject  the  precipitate  upon  the  filter.  Substances  whioh  have  been  - 
precipitated  hot,  are  most  properly  filtered  before  cooling,  (pro- 
yided  always  there  be  no  contra-indication  to  this  course,)  since 
hot  fluids  run  through  the  filter  more  speedily  than  cold  ones. 
Some  precipitates  have  a  very  disagreeable  tendency  to  be  carried 
through  the  filter  with  their  menstruum ;  this  may  be  prevented 
in  some  instances  by  modifying  the  latter.  Thus  sulp*hate  of 
barytes,  when  filtered  firom  an  aqueous  solution,  passes  rapidly 
through  the  filter— the  addition  of  sal  ammoniac  prevents  this  in 
a  very  great  measure. 

The  fluid  ought  never  to  be  poured  directly  upon  the  filter,  but 
along  a  glass  rod,  as  represented  in  Plate  XVUI. ;  and  the  lip  or 
brim  ^f  the  vessel  fix>m  which  the  fluid  is  poured,  must  always  be 
greased  with  tallow.  The  steam  ought  invariably  to  be  directed 
towards  the  sides  of  the  filter,  never  to  the  centre,  since  thi^  might 
occasion  some  loss  by  girting.  The  filtrate  is  received  either  in 
flasks,  beaker-glasses,  or  dishes,  according  to  the  various  pur- 
poses for  which  it  may  be  intended.  Strict  care  should  be  taken 
to  cause  the  drops  falling  to  glide  along  the  walls  of  the  receiving 
vessel ;  they  should  never  be  aUowed  to  fall  into  the  centre  of  the 
coUecting  fluid,  since  this  again  might  occasion  loss  by  spirting. 
The  best  method  in  this  respect  is  that  illustrated  in  Plate  XX., 
viz.  to  place  the  tube  of  tiie  funnel  against  the  upper  part  of  the 
inner  wall  of  the  receiving  vessel. 

If  the  process  of  filtration  is  oonducted  in  a  place  perfectly  free 
from  dust,  there  is  no  necessity  to  cover  the  funnel,  nor  the  vessel 
receiving  the  filtrate ;  but  since  this  is  but  rarely  the  case,  it  is 
generally  indispensable  to  cover  both  the  ftmnel  and  the  receiving 
vessel.  This  is  best  effected  with  small  panes  of  window-glass ; 
a  small  aperture  for  the  tube  of  the  funnel  is  cut  out  at  the  border 
of  the  panes  intended  to  cover  the  receiving  vessel ; — panes  per- 
forated in  the  centre  are  of  no  use  for  this  purpose. 

After  the  fluid  and  precipitate  have  been  poured  and  projected 
upon  the  filter,  and  the  vessel  which  originally  contained  them 
has  been  rinsed  with  water,  (of  course,  likewise,,  upon  the  filter,) 
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it  happens  generally  that  there  still  remain  small  particles  of  the 
precipitate  adhering  to  the  vessel.  From  heaker-glasses  or  dishes 
these  particles  may  be  readily  removed  by  means  of  a  quill  pre- 
pared for  the  purpose,  by  tearing  off  nearly  the  whole  of  the 
feather,  leaving  only  a  small  piece,  which  should  be  cut  perfectly 
straight.  But  if  the  minute  remainder  of  the  precipitate  happens 
to  stick 'to  the  inner  walls  of  a  flask,  as  is  sometimes  with  sub- 
stances precipitated  from  fluids  in  a  state  of  ebullition,  (oxide  of 
copper,  for  instance) ;  or,  in  fact,  wherever  its  removal  cannot  be 
accomplished  by  mechanical  means,  solution,  and  not  precipita* 
tion,  must  be  resorted  to.  In  cases,  therefore,  where  we  have  to 
deal  with  substances  for  which  we  possess  no  solvent,  such  as  sul* 
phate  of  barytes,  we  must  avoid  precipitating  in  vessels  from 
which  the  precipitate  cannot  be  readily  and  completely  removed 
by  mechanical  means. 

§  27. 
c  c. — ^Washing  precipitates. 

After  having  transferred  the  precipitate  completely  to  the  filter, 
we  have  next  to  perform  the  operation  of  washing  or  rinsing ;  this 
is  effected  by  means  of  a  syringe  bottle. 


PLATE   XXI. 


PLATE   XXII. 


J 
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Care  should  be  taken  to  regulate  the  stream  properly,  sinoe 
too  impetuous  a  flash  of  water  might  occasion  some  loss  of 
substance. 

It  is  frequently  the  best  way  to  use  the  syringe-bottle  repre- 
sented in  Plate  XXI.  simply  as  a  dropping-bottle.  As  an  inva- 
riable rule,  the  water  ought  to  be  conducted  first  around  the  brim, 
or  margin,  of  the  filter,  so  as  to  force  the  precipitate  towards  its 
extremity. 

Substances  precipitated  from  aqueous  solutions  may  be  washed 
most  advantageously  and  expeditiously  with  hot  water,  provided 
there  be  no  special  reason  against  it.  For  this  purpose  we  select 
either  the  syringe  bottle  represented  by  Plate  XXII.,  or  the 
dropping  apparatus  illustrated  in  Plate  XXIII. 


PLATE   XXIII. 

The  construction  of  this  apparatus  does 
not  require  a  minute  explanation.  The  point 
a  is  drawn  out  of  its  extremity,  and  nipped 
off; — the  handle  h,  which  serves  to  render  the 
use  of  the  bottle  more  easy  and  convenient, 
is  made  of  wood,  and  fostened  with  wire  to  the 
bottle. 


PLATE    XXIV. 


PLATE    XXV. 
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These  two  engravings  represent  washing  or  rinsing  bottles 
adapted  for  the  washing  of  gelatinous  precipitates  requiring  a  very 
protracted  application  of  the  process ;  such  as  hydrated  alumina^ 
for  instance. 

It  will  be  seen  from  the  engravings,  that  the  principle  is  the 
same  in  both.  There  is  only  this  diflTerence  between  them,  that 
in  XXIY.  the  two  tubes  are  fixed  together  into  one  piece,  whilst 
in  XXV.  they  are  separate.  The  construction  of  XXIV.  is  some* 
what  more  difficult  of  illustration  than  that  of  XXV.  A  brief  ex- 
position of  the  principle  of  the  apparatus  will  show  this  very 
clearly.  Plate  XXYI.  represents  the  cork  with  the  tubes  apart 
from  the  bottle. 

The  arrangement  of  these  bottles  is  so  contrived,  that  no  water 
can  flow  out  of  them  by  a  simple  inversion,  but  it  begins  to 
flow  immediately  upon  bringing  the  finger,  or  a  small  piece  of 
paper,  or  some  other  substance,  in  contact  with  the  water  in  the 
point  c;  the  water  now  flows  incessantly,  whilst  air  rushes  into 
PLATE  XXVI.  the  bottle  through  the  tube  a  ^ ;  the  efflux 

ceases  upon  removing  the  fingers  or  the 
piece  of  paper. 

I  deem  it  of  great  importance,  for  the 
proper  construction  and  use  of  this  rinsing 

..f. .^^^a^JL -^.    apparatus,  that  the  student  should  be  en- 

vi/  abled  to  form  a  clear  and  correct  notion  of 

the  principle  upon  which  its  properties  depend.  I  will,  there- 
fore, briefly  explain  this  principle.  In  the  first  place,  the  non- 
efflux  of  water  from  c  is  owing  to  the  circumstance  that  the 
pressure  of  the  column  of  water,  occupying  the  space  between 
the  lines  e  f  and  g  h  \^  not  altogether  but  nearly  sufficiently 
powerful  to  overcome  the  capillary  attraction  which  the  tube 
a  h  exercises  upon  the  fluid ;  in  the  second  place,  die  efflux  of 
the  water  from  ^,  upon  being  brought  into  contact  with  a  sub- 
stance to  which  it  may  adhere,  is,  owing  to  the  draught  of 
the  water  column  /  A,  assisted  now  by  the  power  of  adhesion 
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of  the  humiated  substance  overcoming  the  capillary  attraction 
in  a  b.  If  the  point  c  is  placed  completely  under  water^  the 
efflux  ^U  likewise  cease,  since  this  shortens  the  column /A. 
If  the  tube  'd  c  be  lowered,  so  as  to  place  c  below  g  h,  the 
water  will  flow  incessantly,  the  draught  of  the  increased  co- 
lumn of  water  overcoming  by  itself  the  capillary  attraction  in 
a  b.  But  if,  on  the  contrary,  c  dhe  moved  upwards,  the  draught 
of  the  column  fh^  together  with  the  power  of  adhesion  of  the 
substance  in  contact  with  it,  will  no  longer  be  sufficiently  power- 
ful to  overcome  the  capillary  attraction  in  a  b,  and  consequently 
no  water  will  flow  out.  It  will  be  readily  conceived  from  the 
preceding  remarks,  that  the  construction,  as  well  as  illustration, 
of  the  joint-tube  in  XXIV.  offers  some  difficulties,  since  it  is  not 
by  any  means  easy  to  fill  the  extremity  c  exactly  at  the  required 
distance  from  the  point  where  the  tube  ab  is  united  to  cd.  -In 
XXV.,  the  tube  cd  requires  simply  to  be  turned  upward  and 
downward  until  the  desired  point  is  attained •  In  the  construc- 
tion of  the  latter,  care  should  be  taken  that  the  aperture  a  oi  ab 
be  situated  somewhat  higher  than  b ;  if  this  precaution  be  neg- 
lected, water  will  be  forced  out  every  time  the  air  rushes  through 
this  tube ;  moreover,  d  must  abut  somewhat  higher  than  b,  or 
else,  as  soon  as  the  surface  of  the  water  ceases  to  close  b,  the  rest 
will  flow  out  in  a  continued  stream. 

The  process  of  washing  by  means  of  either  of  these  rinsing 
bottles  is  easily  performed.  The  bottle  is  placed  inverted  into 
the  aperture  contrived  for  its  reception  in  the  second  &rm  of  the 
filter-stand,  (vide  plate  XX.  b.,)  and  kept  suspended  over  the 
funnel  in  such  a  manner  that  c  Just  dips  under  the  surface  of 
the  fluid.  If  the  apparatus  is  well  arranged,  the  water  will  now 
flow  out  of  c  in  the  same  measure  as  it  runs  off  through  the 
funi^el.  To  substitute  for  these  rinsing  bottles,  narrow-necked 
flasks,  inverted  directly  into  the  funnel,  is  quite  inadmissible 
in  cases  when  we  intend  to  determine  the  exact  amount  of  the 
precipitated  substance,  since  the  air-bubbles  which  such  a  con- 
trivance must  unavoidably  create,  would  inyarialfly  carry  minute 
particles  of  the  precipitate  up  into  the  flask. 
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-  Care  shoald  be  taken  whilst  washing  the  precipitate  (no  matter 
whether  with  or  without  a  rinsing  apparatus)  to  prevent  the  for- 
mation of  channels  in  it,  through  which  the  rinsiug  water  might 
flow  off  at  once,  without  previously  pervading  the  whole  mass  of 
the  substance.  Should  such  channels  have  formed,  however,  the 
precipitate  must  be  carefully  stirred  with  a  glass  rod  or  platinum 
spatule. 

The  operation  of  rinsing  may  be  considered  complete  when  all 
soluble  matter  has  been  completely  washed  away ;  whether  this 
end  has  been  attained  is  generally  ascertained  by  evaporating  a  drop 
of  the  last  rinsing  water  upon  a  clean  platinum  plate,  observing 
whether  this  leaves  any  residue  behind  or  not.  In  some  cases, 
however^  when  the  precipitate  is  not  absolutely  insoluble  in  the 
rinsing  water,  (precipitated  sulphate  of  strontian,  for  instance,) 
we  have  recourse  to  some  more  special  tests  which  we  shall  sub- 
sequently have  occasion  to  point  out 

The  operation  of  washing  precipitates  claims  the  greatest  care 
and  attention  in  the  hands  of  the  analytical  chemist,  since  it  is 
self-evident  that  the  imperfect  rinsing  of  a  precipitate  must  mate- 
rially interfere  with  the  accuracy  of  his  results.  This  operation 
should  never  be  deemed  concluded  on  the  mere  impression  and 
judgment  of  the  operator,  the  application  of  the  appropriate  test 
or  tests  alone  can  safely  be  relied  on. 

§  28. 

a.   FURTHER  TREATMENT   OF  PRECIPITATES  PREPARATORY  TO 
DETERMINING  THEIR  WEIGHT. 

Before  we  proceed  to  weigh  a  precipitate,  it  is  indispensable 
to  convert  it  first  into  a  state  in  which  its  composition  is  per- 
fectly and  (iccurately  known  to  us.  This  is  done  either  by  dry- 
ing or  heating  to  redness.  The  former  process  is  more  pro- 
tracted and  tedious  in  its  application  than  the  latter,  and  is, 
moreover,  liable  to  yield  less  accurate  results.     The  application 
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is  therefore  generally  confined  to  precipitates  which  cannot  bear 
exposure  to  a  red  heat  without  undergoing  total  or  partial  vola- 
tilization, and  the  residue  of  which  remaining,  in  the  latter  case, 
are  not  of  a  kind  to  admit  of  any  retrospective  inference  regard- 
ing the  exact  original  composition  of  the  precipitate ;  thus,  for 
instance,  drying  is  applied  to  sulphuret  of  mercury,  sulphuret  of 
lead,  and  other  metallic  sulphurets,  and  likewise  to  cyanide  of 
silver,  chloride  of  platinum,  and  potassium,  &c.,  &c. 

But  whenever  the  nature  of  the  precipitated  substance  leaves 
the  operator  at  liberty  to  choose  between  drying  and  heating  to 
redness,  the  latter  is  almost  invariably  preferred  to  the  former, 
(thus  precipitates  of  sulphate  of  barytes,  sulphate  of  lead,  and  a 
great  many  more  compounds,  are  heated  to  redness.) 

§  29. 
yy.  Drying  of  the  precijntate. 

When  a  precipitate  has  been  collected,  washed,  and  dried  on  a 
filter,  minute  particles  of  it  adhere  so  firmly  to  the  paper  that 
it  is  found  impossible  to  remove  them.  The  weighing  of  dried 
precipitates  involves  therefore  the  drying  and  weighing  of  the 
filter.  In  former  times,  chemists  used  to  collect  the  precipitate 
upon  two  filters  of  equal  size,  the  one  placed  within  the  other ; 
after  the  precipitate  was  dried,  the  outer  filter  was  taken  off  and 
placed  on  the  balance  as  a  counterpoise  to  the  inner  filter  which 
contained  the  precipitate.  It  was  at  the  time  assumed  that  filters 
of  equal  size  were  likewise  of  equal  weight.  This  assumption, 
however,  is  inadmissible  in  minute  and  accurate  analysis,  since 
every  experiment  shows  that  even  small  filters,  although  of  equal 
size,  yet  differ  in  weight  to  the  extent  of  twenty,  thirty,  and  even 
more  millegrammes.  To  obtain  accurate  results,  it  is  necessary 
to  dry  and  to  weigh  the  filter  previous  to  using  it;  the  tempera- 
ture at  which  the  filter  is  to  be  dried  must  be  the  same  to  which 
it  is  intended  subsequently  to  expose  the  precipitate.     The  filter- 
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ing  paper  must  not  oontain  any  substance  liable  to  be  dissolved 
by  tbe  flnid  filtering  through  it. 

The  process  of  drying  filters  is  conducted  either  in  the  water- 
bath,  air-bath,  or  oiUbadi,  according  to  the  degree  of  heat  re- 
quired. The  dried  filter  must  be  weighed  in  vessels  with  a 
cover,  pladnum  crucibles  are  generally  used  for  this  purpose. 
The  filter,  as  soon  as  it  appears  dry,  is  introduced  into  the  heated 
crucible,  allowed  to  cool,  (this  may  be  done  most  advantageously 
by  placing  the  crucible  with  the  filter  over  a  vessel  of  sulphuric 
acid  under  a  bell-jar,)  and  weighed ;  the  crucible  with  the  filter 
is  then  again  exposed  for  some  time  to  the  required  degree  of 
heat,  and  after  cooling,  weighed  again.  If  the  weight  does  not 
difier  from  that  found  the  first  time,  the  filter  may  be  coneid^ed 
dry,  and  we  have  simply  to  note  the  collective  weight  of  the 
crucible  and  filter. 

After  the  rinsing  of  the  precipitate  has  been  concluded,  and 
the  water  allowed  to  run  off  as  much  as  possible,  the  filter  with 
the  precipitate  is  taken  off  the  ftinnel,  folded  up,  and  placed  upon 
blotting-paper,  and  is  kept  for  some  time  in  a  moderately  warm 
place,  protected  from  dust ;  this,  in  some  measure,  dries  it,  and 
thus  facititates  the  further  process.  It  is  finally  introduced  into 
the  same  platinum  crucible  in  which  it  has  been  weighed  pre- 
viously to  the  filtration,  and  the  crucible  is  then  exposed  to  the 
appropriate  degree  of  heat,  either  in  water,  air,  or  oil-bath,  ac- 
cording to  the  nature  of  the  precipitate.  The  crucible  with  its 
contents  is  then  repeatedly  weighed,  and  the  drying  continued 
until  the  weight  remains  constant  From  the  collective  weights 
of  the  precipitate  crucible  and  filter  thus  ascertained,  we  have 
simply  to  subtract  that  of  the  crucible  and  filter  which,  as  stated 
above,  we  had  accurately  determined  previous  to  the  commence- 
ment of  the  process ;  the  remainder  expresses  the  exact  weight 
of  the  precipitate. 

It  happens  sometimes  that  the  precipitate  nearly  fills  the  filter, 
or  retains  a  considerable  amount  of  the  rinsing  water,  or  some- 
times the  paper  is  so  thin  that  its  removal  from  the  funnel  cannot 
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PLATE  XXVII.  be  well  effected  without  tearing  it.  In  all  Buch 
cases  the  filter  is  allowed  to  get  nearly  dry  in 
the  funnel,  and  covering  it  with  a  piece  of  blot- 
ting-paper, turned  closely  over  the  brim,  placing 
it  in  a  broken  beaker-glass  or  other  similar 
utensil,  and  exposing- the  whole  to  the  heat  of  a 
sand-bath  or  stove. 

§  30. 

j8j3.  Heating  tlie  precipitate  to  redness. 

It  was  customary  formerly  to  dry  precipitate,  the  weight  of 
which  it  was  intended  to  determine  after  previous  exposure  to  a 
red  heat,  with  the  filter,  by  projecting  the  precipitate  into  a 
crucible,  scraping  the  filter  clean,  and  finally  heating  it  to  red- 
ness, thus  separated  from  the  filter.  In  this  way  the  minute 
particles  of  the  precipitate,  which  will  always  adhere  to  the  filter, 
however  cleanly  scraped  the  latter  may  be,  were  calculated  for 
as  lost.  This  loss  may  be  avoided  by  incinerating  the  filter  upon 
which  the  precipitate  has  been  collected  and  weighing  the  ashes 
together  with  the  precipitate,  subtracting  from  the  sum  the  weight 
of  the  ashes  remaining  upon  the  incineration  of  a  clean  filter  of 
the  same  size. 

If  we  take  care  to  cut  our  filters  accurately,  we  determine  at 
once  the  amount  of  ashes  for  different  size  of  filters ;  for  this 
purpose,  ten  filters  (of  the  same  size)  are  burnt  in  a  platinum 
crucible,  placed  obliquely,  or  in  a  platinum  dish,  and  red  heat 
applied  until  the  last  trace  of  charcoal  is  consumed ;  the  ashes 
are  then  weighed,  and  the  amount  is  divided  by  ten,  the  quotient 
expresses  with  sufficient  ..precision  the  average  quantity  of  ashes 
which  every  individual  filter  leaves  upon  incineration. 

All  precipitates  which  it  is  intended  to  expose  to  a  red  heat, 
should  be  thoroughly  dried  in  the  first  place — the  best  way  of 
effecting  this  preliminary  is  to  leave  the  filter  in  the  funnel,  to 
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cover  the  latter  with  a  piece  of  hlotdng-paper  turned  closely  over 
the  hrim,  and  to  expose  the  whole  to  the  heat  of  a  sand-bath  or 
stove  in  the  manner  illustrated  by  plate  27. 

The  following  two  methods  of  heating  precipitates  to  redness, 
with  simultaneous  incineration  of  the  filters,  seem  to  me  the  most 
appropriate. 

§  31. 

FIKST   METHOD. 

The  crucible  destined  to  receive  the  precipitate  is  accurately 
weighed,  and  subsequently  placed  upon  a  sheet  of  glazed  paper ; 
the  perfectly  dry  filter  containing  the  precipitate  is  then  taken  out 
of  the  funnel  and  gently  pressed  together  over  the  paper,  so  as  to 
detect  the  precipitate  from  the  filter,  and  emptied  into  the  crucible* 
The  filter  is  freed  by  friction  as  much  as  possible  from  the  parti* 
cles  of  the  precipitate  adhering  to  it,  which  are  also  transferred 
into  the  crucible.  The  filter  is  then  cut  into  eight  or  ten  small 
pieces,  (with  a  pair  of  clean  scissors  over  the  glazed  paper,)  the 
cover  of  the  crucible  is  heated  to  redness  over  a  Berzehus  lamp, 
and  the  pieces  are  placed  one  by  one  upon  the  red-hot  cover,  with 
a  pair  of  small  pincers — the  application  of  a  gentle  red- heat  is 
continued  until  the  last  trace  of  charcoal  has  been  completely  con- 
sumed. We  have  already  stated  that  certain  precipitates,  the  basic 
phosphate  of  magnesia  and  ammonia,  for  instance,  are  not  abso- 
lutely insoluble  in  the  rinsing  water.  The  washing  of  precipi- 
tates of  this  kind  consequently  tends  to  soak  the  filter  with  a 
saline  solution,  although  extremely  dilute ;  in  such  cases  the  com- 
plete incineration  of  the  filter  frequently  requires  a  long-continued 
application  of  red-heat.  The  incineration  may  be  promoted  by 
gently  forcing  the  still  unconsumed  part  of  the  filter  against  the 
red-hot  cover,  so  as  to  bring  them  into  the  most  intimate  contact 
with  the  latter.  The  incineration  of  filters  must,  of  course,  be 
conducted  in  a  spot  entirely  protected  from  draught.  After  hav** 
ing  completed  the  incineration  of  the  filter,  the  particles  of  the  pre- 
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cipitate  which  may  have  chanced  to  fall  apon  the  glazed  paper 
are  transferred  into  the  cnicihle,  and  the  cover  of  the  latter  is  put 
on,  taking  great  care  not  to  lose  any  of  the  ashes  which  it  con- 
tains. The  covered  crucible  is  then  exposed  to  the  action  of  a 
gradually  increasing  heat,  until  it  gets  red<-hot  After  being  kept 
red-hot  for  some  time,  it  is  allowed  to  cool,  (hygroscofic  sub- 
stances must  be  cooled  under  a  bell-jar,  by  the  side  of  a  vessel 
with  sulphuric  acid).  The  crucible,  when  perfectly  cool,  must  be 
weighed  with  its  contents ;  should  the  operator  have  neglectod  to 
weigh  the  empty  crucible  at  the  commencement  of  the  operation, 
this  must  be  done  now  after  the  crucible  has  been  carefully  emp- 
tied of  its  contents.  If  the  latter  admit  of  a  ready  and  complete 
removal,  the  emptied  crucible  may  be  weighed  at  once ;  but  if  the 
substance  adheres  so  firmly  to  its  bottom  and  walls,  that  it  is  ne- 
cessary to  have  recourse  to  solvents,  the  crucible  after  being  care- 
fully washed  with  distilled  water,  must  be  again  heated  to  redness, 
and  allowed  to  cool  before  its  weight  can  be  accurately  ascertained. 

PLATE   XX VIII. 


Figure  28  represents  a  pair  of  small  pincers  of  iron  or  brass, 
well  adapted  for  laying  hold  of  red-hot  crucibles. 

§  32. 

SECOND   METHOD. 

This  differs  from  the  first  only,  inasmuch  as  the  filter  after 
having  been  freed  &om  its  contents,  is  loosely  folded  together  and 
placed  upon  the  precipitate  in  the  crucible  (instead  of  being  cut 
in  slips  and  consumed  upon  the  cover  of  the  crucible).  The  cru- 
cible is  then  covered  and  exposed  to  a  gentle  heat  until  the  filter 
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is  completely  charred — the  cover  is  then  removed,  and  the  cruci- 
ble heated  to  redness^  so  as  to  cause  the  charred  filter  to  be  com- 
pletely consumed.  To  facilitate  the  latter  part  of  the  operation, 
the  crucible  is  placed  obliquely  over  the  flame,  and  the  access  of 
air  promoted  by  placing  the  cover  against  the  crucible  as  illus- 
trated Plate  XXIX. 


PLATE   XXIX. 

I  have  to  mention  still  a  third  method  which 
is  applied  in  cases  when  the  precipitate  is  in- 
tended for  further  analysis.  This  method  con- 
sists, in  collecting  the  precipitate  upon  a  filter 
dried  at  212°,  the  weight  of  which  has  been 
accurately  ascertained ;  the  precipitate  is  like- 
wise dried  at  212°,  and  a  portion  of  it  care, 
fully  weighed  off  into  a  crucible  of  known 
weight — this  crucible  is  then  heated  to  red- 
ness, and  the  diminution  of  weight,  which  the 
portion  of  the  precipitate  suffers  in  the  opera- 
tion is  calculated  for  the  whole  precipitate.  I  think,  however, 
that  the  application  of  this  method,  which  requires  so  much 
weighing,  may  be  altogether  avoided,  and  the  first  method  substi- 
tuted for  it,  with  this  difference,  that  the  cover  of  the  crucible  con- 
taining the  ashes  of  the  filter  is  placed  inverted  upon  the  crucible. 
This  answers  exactly  the  same  purpose  as  the  method  just  now 
described ;  that  is,  it  permits  us  to  weigh  the  whole  of  the  precipi- 
tate vnthout  soiling  it  with  the  ashes  of  the  filter,  since  only  the 
minute  particles  which  may  have  adhered  to  the  filter  are  mixed 
up  with  the  ashes. 

Before  dismissing  this  subject,  I  have  to  offer  a  few  remarks 
on  several  points  which  deserve  our  particular  attention  in  con- 
ducting the  process  of  heating  precipitates  to  redness. 

In  thejlrsi  place  we  must  endeavour  to  guard  against  any  loss 
of  substance ;  in  this  respect,  particular  care  ought  to  be  taken  not 
to  expose  precipitates  to  the  action  of  a  red  heat  before  they  are 
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perfectly  dry;  this  rule  applies  more  especially  to  substances 
which  are  loose  and  light  when  dry,  such  as  silicic  acid,  for  in- 
stance— since  when  these  are  subjected  to  the  action  of  a  red 
heat,  whilst  still  retaining  moisture,  the  aqueous  vapours  escaping 
with  impetuosity  would  carry  away  minute  particles  of  the  precipi- 
tate ;  it  applies  with  equal  force  to  substances,  which,  like  alu- 
mina or  peroxide  of  iron,  for  instance,  form  into  small  hard 
lumps;  some  of  these  lumps  retaining  moisture,  the  applica- 
tion of  intense  heat  will  cause  them  to  fly  about  in  the  crucible 
with  great  yehemence. 

In  the  second  place,  we  must  know  how  to  modify  our  operation 
according  to  the  nature  of  the  precipitate,  or  that  we  may  be  sure 
that  the  piecipitate  after  the  completion  of  the  process  is  really 
the  substance  we  suppose  it  to  be.  In  this  respect  it  is  to  be  par- 
ticularly observed,  that  certain  precipitates  must  not  be  heated  too 
intensely,  or  they  will  lose  essential  constituents ;  thus  carbonate 
of  lime,  for  instance,  will  yield  up  carbonic  acid  when  heated  to 
intense  redness.  On  the  other  hand,  many  precipitates  will  re- 
quire the  protracted  application  of  an  intense  red  heat ;  if  we  are 
desirous  to  expel  certain  constituents,  or  to  raise  the  substance  to 
a  certain  degree  of  oxidation — the  basic  phosphate  of  magnesia 
and  ammonia,  protochromate  of  mercuryt  the  oxides  of  manganese, 
&c.  are  examples  of  this  kind.  All  such  precipitates  as  suffer 
reduction  when  heated  to  redness,  together  with  charcoal,  must  be 
heated  according  to  the  first  method,  since  the  second  method 
would  bring  them  into  contact  with  the  charcoal  filter ;  the  com- 
pounds of  lead,  copper^  and  zinc,  sulphate  of  barytes,  &c.,  are 
substances  of  this  kind. 

In  the  third  place,  care  should  be  taken  to  incinerate  the  filter 
completely ;  we  have  already  seen  how  tbe  incineration  of  the  filter 
may  be  promoted.  In  some  instances,  when  the  filters  prove 
very  refractory,  the  incineration  may  be  aided  by  the  action  of 
nitric  acid ;  providing  always,  other  circumstances  do  not  interfere 
with  the  application  of  this  acid.  The  charred  filtre  is  moistened 
with  the  acid  slowly  dried,  and  finally  heated  to  redness.     Nitrate 
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of  ammonia  is  sometimes  used  for  the  same  pmpose.  A  dilute 
sohition  of  this  salt  is  poured  upon  the  filter,  after  the  washing 
has  been  completed.  The  filter  contains,  consequently,  after  exsic- 
cation, a  small  amount  of  this  salt,  which  facilitates  the  incinera- 
tion  of  the  paper* 

In  the  fourth  place,  we  must  avoid  conducting  the  process  in 
crucibles  made  of  materials  likely  to  be  effected  by  the  precipitate. 
We  have  already  had  occaaion,  in  the  qualitative  analysis,  to  point 
out  those  cases  in  which  the  use  of  platinum  crucibles  ought  to  be 
avoided. 


SECTION  11. 


REAGENTS. 

For  general  remarks  upon  reagents  necessary  to  the  student,  I 
would  refer  him  to  my  volume  on  qualitative  analysis. 

We  shall  confine  ourselves  here  to  the  preparation,  tests,  and 
most  important  uses  of  those  chemical  substances  which  subserve 
principally  and  more  exclsively  the  purpose  of  quantitative  ana- 
lysis, simply  enumerating  the  rest. 

The  same  classification  which  I  adopted  in  my  qualitative  ana- 
sis,  is  retained  here,  not  because  it  is  free  firom  objection,  but  be- 
cause upon  the  whole  I  deem  It  the  best. 

^.—BEAGiaJTS  IN  THE  HUMID  WAY. 

Which  arcy — I.  General  Reagents. 
a.  BeagenU  principally  used  as  simple  solvents, 

1.   DISTILLBD  WATER. 

Water  intended  for  quaixtitative  investigations  must  be  perfectly 
pure.    Water  distilled  ftom  glass  retorts  is  not  chemically  pure. 
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but  leaves  a  minute  residue  upon  evaporation.  Tliis  defect  ren- 
ders  it  inapplicable  in  many  experiments ;  thus,  for  instance,  we 
cannot  use  it  to  determine  the  exact  degree  of  solubility  of  sub- 
stances which  are  only  slightly  soluble,  (Vide  experiment  No.  1.) 
In  many  cases  it  is  necessary  to  free  the  water  by  ebullition, 
from  atmospheric  air  and  carbonic  acid. 

2.  ALCOHOL. 

1.  Absolute  alcohol.  2.  Spirits  of  wine  of  various  degrees  of 
strength. 

3.  ETHER. 

The  oflBcinal  ether  of  commerce  is  sufficiently  pure.  The  ap- 
plication of  ether  as  a  solvent  is  very  limited.  It  is  more  fre- 
quently mixed  with  spirits  of  wine,  in  order  to  diminish  thie  sol- 
vent power  of  the  latter  for  certain  substances  (e.  g.  chloride  of 
platinum  and  ammonium)* 

p.  Reagents  which  are  principally  used  as  cliemical  solvents. 

§  85. 

1.  HYDROCHLORIC   ACID. 

An  acid  of  1.12  sp.  gr.  suffices  for  most  purposes;  in  some 
cases,  however,  it  is  required  to  be  stronger, 

2.  NITRIC   ACID. 

An  acid  of  1.2  suffices  for  most  purposes. 

8.   NITBOSO-NITRIC  ACID,    (RED   FUMING  NITRIC   ACID). 

Preparation.^— li^TiO  parts  of  pure  and  dry  nitrate  of  potass  are 
introduced  into  a  retort,  and  one  part  of  hydrated  sulphuric  acid 
is  poured  upon  this  salt,  either  through  the  tube  of  the  retort,  or 
if  a  common  retort  is  used,  through  the  neck  of  the  latter  by 
means  of  a  long  funnel  tube  bent  at  the  lower  extremity ;  this 
should  be  done  carefully  so  as  not  to  soil  the  neck  of.  the  retort. 
The  latter  is  then  placed  in  a  sand-bath,  and  connected  with 
a  receiver,  but  not  quite  air-tight.  The  distillation  is  conducted  at  a 
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gentle  heat,  «md  carried  to  dryness.     The  receiver  must  he  con- 
stantly kept  covered  during  the  distiUation. 

Testa. — ^Red  ftuning  nitric  acid  intended  for  analytical  pur- 
poses, must  be  in  a  state  of  the  greatest  possible  concentration 
and  perfectly  free  from  any  admixture  of  isulphoric  acid. 

Uses. — This  acid  is  a  powerful  solvent  and  oxidising  agent ;  it 
serves  more  especially  to  convert  sulphur  and  the  sulphurets  into 
sulphuric  acid  and  sulphates. 

4.  Aquareoia. 

6.  AcBHC  ACID. 

6.  Ghloridb  of  ammonium. 


y.  Reagents  which  serve  principally  to  separate  substances  into 
general  classes  or  groups.] 

§  86. 

1.    SULPHURIC   ACID, 
a.   CHEMICALLY    PURE   AND   CONCENTRATED   SULPHURIC   ACID. 

Preparation. — ^From  three  to  four  pounds  of  common  sulphuric 
acid  are  introduced  into  a  capacious  glass  retort,  coated  externally 
with  a  paste  made  with  clay  and  cow-hair;  a  coil  of  platinum  wire,  or 
a  few  fragments  of  platinum,  are  thrown  into  the  retort,  and  the 
latter  is  placed  deep  into  a  wind  furnace,  (which  is  subsequently 
to  be  covered  with  a  cap ;)  the  neck  of  the  retort  is  then  introduced 
into  the  body  of  a  large  globular  receiver,  without  luting.  The 
contents  of  the  retort  are  gradually  heated  to  boiling,^  by  sur- 
rounding the  latter  with  red-hot  charcoal,  taking  care  in  the 
course  of  the  operation  to  make  the  fire  act  principally  upon  the 
top  and  sides,  and  less  upon  the  bottom,  of  the  receiver. 

If  these  instructions  be  strictly  followed,  the  distiUation  will 
proceed  quietly,  and  the  operator  need  be  under  no  apprehension 
of  danger.     The  acid  which  passes  over  first  is  contaminated 
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widi  nitrio  aoid ;  it  is  necessary,  therefore,  to  change  the  receiver 
after  the  lapse  of  some  time,  in  order  to  obtain  absolutely  pore 
add ;  the  distillation  is  continued  until  about  three  quarters  of 
the  add  in  the  retort  have  passed  over.  The  distillation  may 
likewise  be  conducted  in  the  sand-bath ;  in  this  case  the  bath 
should  be  so  constructed  that  its  bottom  is  covered  with  a  con- 
siderable amount  of  sand,  and  that  upon  placing  the  retort  into 
it,  there  remains  but  a  small  interval  between  the  sides  of  the 
retort  and  the  walls  of  the  bath ;  the  retort  is  covered  with  sand 
and  a  very  inclined  position  given  to  the  neck.  The  fur- 
ther operation  is  conducted  exactly  as  the  above.  Tn  this  manner 
(i.  e.  in  the  sand-bath)  ten  pounds  or  more  of  sulphuric  acid  may 
be  distilled  at  once  without  danger. 

Tests. — If  chemically  pure,  sulphuric  acid  will  not  leave  the 
slightest  residue  when  evaporated  in  a  clean  platinum  dish. 

b,   COMMON   SULPHURIC   ACID. 
£?.   DILUTE    SULPHURIC   ACID. 

Dilute  sulphuric  acid,  is  prepared  by  mixing  one  part  of  concen- 
trated sulphuric  acid — (chemically  pare  or  common,  according 
to  the  circumstances  of  the  case) — ^with  five  parts  of  water. 

2.    SULPHURETTED   HYDROGEN. 

a.  Sulphuretted  hydrogen  gcis. 

PLATE   XSX^ 


The  cleaning  of  the  tube 
through  which  this  gas  is  con- 
veyed, when  needed  for  analytical 
purposes,  may  be  materially  fad- 
litated  by  giving  to  tiie  tube  the 
constniction  illustrated  by  Plate 
XXX. 
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b.  Sulphuretted  hydrogen  water. 
8.  Hydrosulphuret  of  ammonia. 

4.  SuLPHimET  OF  POTASSIUM. 

5.  Potass  (pure  potass  ley.) 

6.  Carbonate  of  potass* 

7.  Carbonate  of  soda. 

One  part  of  the  anhydroas  salt  is  dissolved  in  about  ten  parts 
of  neater.  As  a  neutralizing  and  precipitating  agent,  this  is  in 
many  cases  preferable  to  carbonate  of  potass. 

8.  Ammonia. 

9.  Carbonate  of  ammonia. 

10.  Chloride  of  barium. 

11.  Nitrate  of  barytes. 

12.  Cyanide  of  potassium. 

This  substance  is  extensively  used  in  quantitative  analysis  to 
separate  certain  metals  from  one  another.  The  aqueous  solution 
of  it  must  be  prepared  every  time  it  is  needed  for  use,  since  it 
does  not  keep,  even  in  close  vessels. 

18.  Nitrate  of  silver. 

14.  Chlorine, 

II.  Special  Beagents  in  the  humid  way. 

a.  Beagents  which  serve  principally  to  determine  or  to  separate 
individual  bases, 

§  87. 

1.  Phosphate  of  soda. 

2.  Oxalate  of  ammonia. 
8.  Succinate  of  ammonia. 

Pr^ar«/i<?«.— Saturate  succinic  acid,— which  has  been  purified 
by  re-crystallization  from  its  solution  in  nitric  acid, — with  dilute 


86^  SPECIAL  BEAOKNTB.  [§   37. 

solution  of  ammonia^  in  such  a  manner  that  the  reaction  of  the 
new  compound  is  rather  slightly  alkaline  than  acid. 

Uses. — ^This  reagent  serves  to  separate  peroxide  of  iron  from 
oxide  of  manganese,  and  other  metallic  oxides. 
4.  Water  of  babytes. 
6.  Carbonate  of  lime. 

Preparatioru — Precipitate  a  heated  solution  of  pure  chloride 
of  calcium  with  carbonate  of  ammonia,  to  which  a  little  caustic 
ammonia  has  been  added ;  allow  the  precipitate  to  subside ;  wash 
it  carefully,  and  keep  the  pappy  mass  thus  obtained  in  a  close 
vessel  for  use. 

{7«^«.— This  reagent  serves  particularly  to  separate  peroxide 
of  iron  fi:om  other  metals  which  are  not  precipitated  by  carbonate 
of  lime. 

6.  Carbonate  of  barttes. 

Preparation.  —  This  reagent  is  prepared  from  chloride  of 
barium  in  the  same  manner  as  the  preceding  substance  is  pre- 
pared from  chloride  of  calcium. 

Uses. — Carbonate  of  barytes  is  used  for  the  same  purposes  as 
carbonate  of  lime;  but  it  is  in  many  cases  preferable  to  the 
latter. 

7.  Proto-sulphate  of  iron. 

8.  Peroxide  op  mercury. 

This  re-agent  serves,  in  quantitative  investigations,  principally 
to  decompose  chloride  of  magnesium,  in  the  process  of  separating 
magnesia  from  the  alkalies. 

9.  Perchloride  of  mercury. 

10.  Proto-chloride'of  tin. 

11.  Perchloride  of  gold. 

12.  Chloride  of  platinum. 
18.  Hydrofluo-silicic  acid. 

14.  Tartaric  acid. 

15.  Sulphurous  acid. 

16.  Copper. 
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The  coppei  of  commerce  (with  the  exception  of  Japanese  cop- 
per^ which  it  is  not  always  easy  to  procure)  is  not  sufficiently 
pure  for  most  analytical  purposes. 

The  most  convenient  mode  of  preparing  pure  copper  is  that  re- 
commended hy  Fuchs;  it  consists  in  precipitating  solution  of 
blue  vitriol  with  apiece  or  blade  of  clean  iron ;  freeing  the  precipi- 
tated copper  from  the  iron  by  boiling  with  hydrochloric  aoid, 
washing,  drying,  and  fusing.  The  metal  thus  obtained  is  to  be 
rolled  out  into  thin  sheets. 

Tests,  Pore  copper  must  dissolve  perfectly  in  nitric  acid,  and 
this  solution  must  not  yield  the  slightest  trace  of  a  precipitate 
upon  addition  of  ammonia  in  excess,  even  after  long  standing, 
(iron,  lead,  etc.) ;  nor  should  the  addition  of  hydrochloric  acid 
render  it  turbid  (silver).  Sulphuretted  hydrogen  must  precipitate 
the  copper  completely  from  this  solution. 

Uses*  This  metal  is  frequently  applied  for  the  purpose*  of  inrft- 
rect  analysis;  thus,  for  instance,  we  use  it  to  determine  the 
amount  of  copper  present  in  a  fluid,  or  the  amount  of  protoxide 
of  iron  existing  by  the  side  of  the  peroxide,  etc. 

17.  Tin. 

Preparation.  Malacca  tin,  or  English-grain-tin,  is  fused  and 
poured  out  into  slips.  In  cases  where  this  cannot  be  readily  pro- 
cured, pure  peroxide  of  tin  is  reduced  by  means  of  cyanide  of 
potassium ;  the  peroxide  intended  for  this  purpose  should  be  pre- 
pared by  oxidizing  common  tin  with  nitric  acid,  and  washing, 
first  with  water  containing  a  slight  admixture  of  hydrochloric 
acid,  and  subsequently  with  pure  water. 

Tin  is  employed  exclusively  in  the  process  of  separating  anti- 
mony from  tin ;  it  may  be  considered  fit  for  that  purpose  if  it 
dissolves  in  hot  hydrochloric  acid,  forming  a  perfectly  clear 
solution. 


£ 
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*.  Reagents  which  serve  principally  to  determine,  or  to  separate^ 

acids. 


§  88. 

1.  acetatb  of  potass. 

2.  Chlobidb  of  calcium. 

3.  Fluoride  of  calcium. 

This  substance  is  used  in  quantitatiYe  analysis  to  expel  and  de- 
teimine  boracic  acid ;  perfectly  pure  fluor  spar,  (like  that  of  Der- 
byshire»)  firee  from  any  admixture  of  silicic  acid,  is  applicable  for 
this  purpose.  Hydrofluoric  acid,  which  is  used  in  analytical 
investigations  for  the  decomposition  of  silicates,  may  be  prepared 
from  a  less  pure  kind  of  fluor-spar  than  the  Derbyshire. 

Tests,  The  best  way  of  testing  the  purity  of  fluor-spar,  in  oase 
of  doubt,  is  to  analyse  it ;  the  analysis  is  effected  by  levigating 
the  fluor-spar  finely,  and  treating  a  weighed  amount  of  it  with 
pure  concentrated  sulphuric  acid,  in  a  platinum  crucible,  at  a 
gentle  heat,  which  is  gradually  increased  to  redness  : — this  opera- 
tion is  to  be  repeated  until  the  residue  remains  constant.  The 
fluor-spar  may  be  considered  pure  if  the  calculated  amount  of 
gypsum  is  obtained. 

'   4.  Chlorxde  of  magnesium. 

5.  Ferchloride  of  iron. 

6.  Oxide  of  lead. 

7.  Neutral  acetate  of  lead. 

8.  Paotochloride  of  palladium. 

Preparation. — ^Dissolve  palladium  in  aqua  regia,  evaporate  to 
dryness,  to  expel  the  excess  of  acid ;  dissolve  the  residue  in  20 
parts  of  water,  filter,  if  necessary,  and  keep  the  brown  solution 
for  use;  This  solution  will  contain  a  slight  admixture  of  per- 
chloride  of  palladium,  which,  however,  is  unimportant  in  the 
precipitation  of  iodine,  the  only  purpose  for  which  we  use  this 
reagent. 
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9.  Frotochloride  of  arsenic. 

Pr^para/ft^^.—DiBBolve  vitreous  arsenious  acid  in  pure  and  hot 
hydrocLiono  acid,  and  keep  the  solution  for  use. 

Uses. — ^This  reagent  is  employed  for  the  determination  of  sul- 
phoretfeed  hydrogen. 


jB.— REAGENTS  IN  THE  DRY  WAY. 

§  89. 

J.  Carbonate  of  soda. 

2.  Hydrate  of  barytes. 

3.  Acid  sulphate  of  potass. 

Preparation. — ^Mix  87  parts  of  neutral  sulphate  of  potass  with 
49  parts  of  pure  hydrated  sulphuric  acid,  in  a  platinum  crucible, 
and  heat  to  gentle  redness,  until  the  mass  is  in  a  state  of  uniform 
and  clear  fusion.  Pour  the  fused  mass  into  a  platinum  or  porce- 
lain dish,  standing  in  cold  water.  After  cooHng,  break  the  mass 
into  pieces,  and  keep  the  latter  for  use. 

Uses. — ^This  reagent  serves  to  resolve  certain  compounds  of 
alumina,  and  of  oxide  of  chromium,  occurring  in  nature. 

4.  Nttrate  of  potass. 

5.  Carbonate  of  ammonia,  (solid). 

{7«^«.— This  reagent  serves  to  convert  the  acid  sulphates  of  the 
alkalies  into  neutral  salts. 

6.  BlBORATB  OF  SODA — ^B0RAX>    (fused). 

Preparation.~-JlGfit  crystallized  borax  in  a  platinum  or  por- 
celain dish,  until  it  ceases  to  swell ;  reduce  the  porous  mass  to 
powder,  and  heat  the  latter  in  a  platinum  crucible,  until  the  whole 
is  fused  into  a  transparent  mass.  Four  the  more  fluid  portion  of 
this  mass  upon  a  porcelain  dish,  remove  the  rest  from  the  crucible 
by  means  of  a  platinum  spatula,  and  keep  the  borax  glass  thus 
obtained  in  a  stoppered  bottle. 

Uses. — ^This  reagent  serves  to  expel  carbonic  acid,  and  other 
volatile  acids^  at  a  red  heat. 
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7.  Hydrogen  gas. 

Preparation. — ^Hydrogen  gas  is  evolved  from  dilute  sulphuric 
acid  by  means  of  granulated  zinc.  It  may  be  procured  absolutely 
pure  by  transmitting  it,  in  the  first  place,  through  a  long  glass 
tube  loosely  filled  with  cotton,  soaked  with  solution  of  perchloride 
of  mercury ;  subsequently  through  potass  ley ;  and  finally  through 
hydrated  sulphuric  acid.  In  most  cases,  however,  it  is  only 
necessary  to  transmit  it  through  sulphuric  acid,  or  through  a 
chloride  of  calcium  tube,  for  the  purpose  of  drying  it. 

Tests.— VxoQ  hydrogen  gas  is  inodorous.  It  ought  to  bum 
with  a  colorless  flame,  which,  when  cooled  by  depressing  a  por- 
celain dish  upon  it,  must  deposit  nothing  on  the  sur&ce  of  the 
dish  except  pure  water,  (free  from  acid  re-action). 

Uses, — ^Hydrogen  gas  is  frequently  used  in  quantitative  analy- 
sis, to  reduce  oxides,  chlorides,  sulphurets,  etc.  to  the  metaUic 

state. 

8.  Chlorine. 

Chlorine  gas  is  purified  and  dried  by  transmitting  it,  first, 
tbrough  a  washing  bottle,  containing  concentrated  sulphuric  acid, 
and,  finally,  through  a  chloride  of  calcium  tube ;  the  latter  may, 
however,  be  omitted. 

^Uses. — Chlorine  gas  serves  principally  to  produce  chlorides, 
and  to  separate  the  volatile  from  the  nonrvolatile  chlorides ;  it  is 
also  used  to  expel,  and  indirectly  to  determine,  bromine  and 
iodine. 

C— REAGENTS  APPLIED  IN  ORGANIC  ELEMEN- 
TARY ANALYSIS. 

§  40. 
L  Oxide  of  copper. 
Preparation, — ^Mix  pure  copper  scales  with  pure  nitric  acid,  in 
a  porcelain  dish,  so  as  to  form  a  thick  paste ;  after  the  efferves- 
cence has  ceased,  heat  gently  in  the  sand-bath  until  the  mass  is 
perfectly  dry.  Transfer  the  green  basic  salt  produced  into  a 
hessian  crucible,  and  heat  to  moderate  redness,  until  no  more 
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fumes  of  hyponitric  abid  escape,  which  may  be  readily  ascertained 
by  introducing  a  small  portion  of  the  mass  into  a  test-tube, 
closing  the  latter  with  the  finger,  and  heating  to  redness,  care- 
fully looking  through  the  tube  in  its  whole  length ; — in  most 
instances,  the  smell  will  sufficiently  indicate  whether  the  evolution 
of  nitrous  acid  vapors  continues,  or  not.  The  uniform  decompo- 
sition of  the  salt  in  the  crucible  may  be  promoted  by  stirring  the 
mass  from  time  to  time  with  a  hot  glass  rod.  After  cooling, 
levigate  the  mass,  which  now  consists  of  pure  oxide  of  copper,  into 
a  tolerably  fine  powder,  and  keep  this  in  a  well-stoppered  bottle  for 
use.  It  wiU  be  found  very  advantageous  to  leave  a  small  portion 
of  the  oxide  in  the  crucible,  and  to  expose  this  again  to  a  most 
intense  red  heat.  This  portion  is  not  to  be  levigated,  but  simply 
to  be  broken  into  small  fragments,  which  must  be  kept  in  a  sepa- 
rate  bottle. 

Tests, — Pure  oxide  of  copper,  prepared  in  this  manner,  is  a 
dense,  heavy,  deep  black  powder,  absolutely  insoluble  in  water ; 
upon  exposure  to  a  red  heat,  it  should  evolve  no  fumes  of  hypo- 
nitric  acid,  nor  carbonic  acid,  (the  latter  would  indicate  contami- 
nation with  fragments  of  charcoal,  or  with  dust).  That  portion 
of  the  oxide  which  has  been  exposed  to  a  very  intense  red  heat, 
should  be  hard,  and  have  a  greyish  black  appearance. 

Uses, — Oxide  of  copper  serves  to  oxidize  the  carbon  and  hydro- 
gen of  organic  substances,  yielding  up  its  oxygen  wholly  or  in 
part  according  to  circumstances.  That  portion  of  the  oxide 
which  has  been  heated  to  the  most  intense  redness,  is  particularly 
useful  in  the  analysis  of  volatile  fluids. 

The  reduced  copper  may  be  again  oxidised  with  nitric  acid, 
and  may  thus  be  used  again  and  again  for  the  same  purpose. 
Should  it  have  been  mixed  with  alkaline  salts  in  the  course  of  the 
analytical  process,  it  may  be  freed  firom  such  admixture  by 
digesting  it  with  highly  dilute  nitric  acid,  and  washing  with 
water. 

2.  Caebonate  of  lead. 

Preparation. — Precipitate  a  clean  filtered  solution  of  acetate  of 
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lead,  slightly  acidulated  with  acetic  acid,  by  a  small  excess  of 
bichromate  of  potass ;  decant  from  o£f  the  precipitate,  and  wash 
the  latter  completely  upon  a  linen  strainer ;  dry  the  washed  preci- 
pitate, introdace  it  into  a  hessian  crucible,  and  apply  heat  to 
bright  redness  until  the  mass  fuses.  Four  the  fused  mass  upon  a 
stone  or  iron  plate,  and  levigate  it  into  a  fine  powder. 

Tests. — Chromate  of  lead  prepared  in  this  manner  is  a  dirty 
yellow  brown  powder,  insoluble  in  water.  It  must  not  evolve 
carbonic  acid  when  heated  to  redness ;  (the  evolution  of  carbonic 
acid  would  indicate  contamination  with  organic  matter,  dust^  etc.) 

Uses.^ChxomAtB  of  lead  serves,  like  oxide  of  copper,  for  the 
combustion  of  organic  substances.  It  is  converted  in  the  com- 
bustion process  into  chromic  oxide  and  basic  chromate  of  lead. 
It  suffers  the  same  decomposition,  with  evolution  of  oxygen,  when 
heated  by  itself  beyond  the  fusing  point.  This  property  renders 
chromate  of  lead,  as  an  oxidizing  agent,  preferable  to  oxide  of 
copper,  in  cases  where  we  have  to  act  upon  substances  difficult  of 
combustion. 

Chromate  of  lead  which  has  been  used  once  may  be  used  a 
second  time.  It  is  for  this  purpose  fused  again,  and  the  fused 
mass  reduced  to  powder ;  if  necessary,  this  second  fusion  is  to  be 
preceded  by  washing. 

8.  Chlorate  of  potass. 

Pr^ara/fcM.— Commercial  chlorate  of  potass  is  sufficiently 
pure.  This  is  to  be  heated  in  a  porcelain  dish  until  it  begins  to 
enter  into  a  state  of  complete  fusion ;  the  fused  mass  is  then 
poured  upon  a  porcelain  dish,  and  broken  into  small  pieces.  The 
latter  are  kept  for  use  in  a  well-stoppered  bottle. 

Uses. — Chlorate  of  potass  yields  up  all  its  oxygen  at  a  high 
temperature;  it  serves,  therefore,  for  the  complete  oxidation  of 
organic  substances  difficult  of  combustion.  For  the  mode  of  its 
application,  vide  infra. 

4.  Soda-Lime,  (mixture  of  caustic  lime  and  hydrate  of 
soda.) 

Preparation. — Prepare,  in  the  first  place,  a  solution  of  soda 
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from  oommercial  crystallized  carbonate  of  soda,  in  the  manner 
prescribed  for  the  preparation  of  potass  ley^  {vid^  7  a.) ;  ascertain 
the  specific  weight  of  the  solution  of  soda  prepared  in  this  man- 
ner ;  slake  a  weighed  amount  of  the  best  caustic  lime  in  the  pro- 
portion of  two  parts  of  anhydrous  caustic  lime  to  one  part  of 
hydrated  soda  contained  in  the  solution ;  heat  the  mixture  in  a 
hessian  crucible ;  keep  it  for  some  time  at  a  feeble  red-heat,  and 
levigate  the  mass,  whilst  still  warm,  into  a  tolerably  fine  powder; 
keep  this  powder  for  use  in  a  well-stoppered  phial. 

Tests. — ^Tbis  mixture  of  lime  and  soda  must  not  efiervesce  too 
much  when  drenched  with  hydrochloric  acid  in  excess.  Mixed 
with  pure  sugar,  and  heated  to  excess,  it  must  not  evolve  any 
ammonia ;  the  evolution  of  ammonia  under  these  circumstances 
would  render  it  entirely  useless  for  the  purpose  for  which  it  is 
intended  in  organic  analysis. 

Uses. — This  mixture  serves  to  analyse  nitrogenous  organic 
substances.  For  the  manner  and  rationale  of  its  action,  vide 
infra. 

5.  Bicarbonate  of  soda. 

In  a  certain  method  of  organic  elementary  analysis  of  nitro- 
genous substances,  bicarbonate  of  soda  serves  to  evolve  the 
carbonic  acid  by  means  of  which  the  atmospheric  air  is  expelled 
the  combustion  tube.  The  commercial  bicarbonate  is  sufficiently 
pure  for  this  purpose,  provided  it  be  perfectly  dry. 

6.  OOPPER  TURNINGS. 

These  may  be  readily  procured  at  any  1:»razier*s,  but  care  should 
be  taken  to  have  them  made  of  good  copper ;  if  they  are  clean, 
pure,  and  free  from  any  admixture  of  small  fragments  of  wood, 
they  are  perfectly  applicable  ity  the  purpose  which  they  are  in- 
tended to  subserve  in  organic  analysis.  But  if  they  have  been 
already  used,  or  are  tarnished,  or  impure,  it  is  necessary  to  purify 
them  first;  for  this  purpose  they  are  heated  to  nigrescence  in  a 
crucible,  with  free  access  of  air,  transferred  subsequently  into  a 
glass  or  porcelain  tube,  and  an  uninterrupted  stream  of  dry 
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hydrogen  gas  passed  over  them ;  and,  finally,  when  all  atmospheric 
air  has  been  completely  expelled  from  the  evolution  apparatus 
and  the  tube,  the  latter  is  heated  to  redness  in  its  whole  length. 
The  operator  should  be  careful  to  wait  until  all  atmospheric  air 
has  been  completely  expelled,  before  he  proceeds  to  apply  heat  to 
the  tube,  since  neglect  in  this  respect  may  cause  the  apparatus  to 
explode. 

Uses. — Oopper  turnings  serve  in  the  analysis  of  nitrogenous 
substances  for  the  reduction  of  the  nitric-oxide  gas  which  may 
have  been  formed. 

7.  Potass. 

a,  solution  of  potass. 

Preparation,' — The  best  way  to  prepare  pure  solution  of  potass, 
is  to  make  a  sufficiently  dilute,  cold  prepared,  solution  of  good 
potass,  in  the  usual  way,  (by  boiling  with  quick  lime)  ;  to  decant, 
and  to  evaporate  the  decanted  fluid,  in  an  iron  kettle,  with  a  rapid 
fire,  until  its  specific  gravity  is  1.27.  The  fluid,  whilst  still  warm, 
is  poured  into  a  bottle,  and  the  latter  being  well  closed,  allowed 
to  deposit  every  solid  particle  it  contains ;  the  clear  solution  is 
finaUy  decanted  from  the  sediment,  and  kept  for  use. 

b.  hydrate  of  potass. 

Preparation. — ^Pure  solution  of  potass  is  introduced  into  a 
small  silver  kettle,  and  evaporated  at  a  strong  fire  until  the  resi- 
duary hydrate  begins  to  flow  like  oil,  and  to  evaporate  in  white 
fumes ;  the  Aising  mass  is  then  poured  out  on  a  clean  iron  plate, 
and  broken  into  fragments,  which  are  kept  in  a  well-stoppered 
phial  for  use. 

Uses. — Solution  of  potass  serves  for  the  absorption  of  carbonic 
acid,  and  consequently  for  the  quantitative  determination  of  this 
substance ;  in  many  instances,  a  tube  filled  with  hydrate  of  potass 
is  used  in  addition  to  the  apparatus  filled  with  the  solution  of 
potaas. 
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8.   CHLORIDE   OF  CALCIUM. 
a,   CRUDE   FUSED   CHLORIDE   OF  CALCIUM. 

Pr^/?ora/k>«.— Digest  with  warm  water  the  residue  of  chloride 
of  calcium  and  lime  which  remains  in  the  evolution  of  ammonia, 
filter  and  evaporate  the  filtrate  to  dryness  in  an  iron  cal- 
dron ;  fuse  the  residue  in  a  hessian  crucible,  pour  the 
fiised  mass  out,  break  it  into  firagments,  and  keep  them  in  well- 
stoppered  phials. 

h.  PURIFIED   CHLORIDE   OF  CALCIUM. 

Preparation. — ^Dissolve  the  crude  chloride  of  calcium  of  a  in 
water^  filter  the  solution^  and  should  it  manifest  alkaline  re- 
action, saturate  it  with  a  few  drops  of  hydrochloric  acid ;  evapo- 
rate to  dryness  in  a  porcelain  dish,  and  expose  the  residue  for 
several  hours  to  a  tolerably  strong  heat  (about  892^  in  the  sand- 
bath.  The  white  and  porous  mass  obtained  by  this  process 
consists  of  Ca  G1+  aq. 

Uses. — The  crude  fused  chloride  of  calcium  serves  to  dry 
moist  gases;  the  purified  chloride  is  applied  in  elementary 
analysis  for  the  absorption  and  determination  of  the  water  formed 
by  the  hydrogen  of  the  analysed  substance,  and  the  oxygen  of 
the  reagent  applied.  Solution  of  purified  chloride  of  calcium 
must  not  manifest  an  alkaline  re-action. 
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SECTION  ni. 

ON  THE  COMPOSITION  AND  PROPERTIES  OF  THE  FORMS  AND 
COMBINATIONS  IN  WHICH  SUBSTANCES  ARE  SEPARATED  FROM 
OTHERS,  OR  IN  WHICH  THEIR  WEIGHT  IS  DETERMINED. 

§    41. 

The  quantitative  analysis  of  a  compound  substance  requires, 
as  the  first  and  most  indispensable  condition,  a  correct  and  ac- 
curate knowledge  of  the  composition  and  properties  of  the  new 
combinations  into  which  it  is  intended  to  convert  its  several 
individual  constituents  for  the  purpose  of  separating  them  from 
one  another  and  determining  their  weight.  Respecting  the  pro- 
perties of  these  new  compounds  and  their  deportment^  we  have 
to  inquire  more  particularly,  in  the  first  place,  how  they  comport 
themselves  with  solvents ;  secondly,  what  is  their  deportment  in 
the  air ;  and,  thirdly,  what  phenomena  do  they  manifest  when 
exposed  to  the  action  of  a  red  heat  ?  It  may  be  laid  down  as  a 
general  rule  that  compounds  are  the  better  adapted  for  quantita- 
tive determination  the  more  absolutely  insoluble  they  are,  and 
the  less  alteration  they  undergo  upon  exposure  to  the  air,  or  to  a 
high  temperature. 

The  composition  of  bodies  is  expressed  either  in  j)er  cent. 
figures,  or  in  a  stoechiometrical  or  symbolic  formulae ;  by  means  of 
the  latter,  the  constitution  of  the  more  frequently  recurring  com- 
pounds may  be  more  easily  committed  to  memory.  With  respect 
to  its  composition,  a  compound  is  the  better  adapted  for  quan- 
titative determination  the  less  it  contains  relatively  of  the  sub- 
stance which  it  is  intended  to  determine,  since  the  less  the  relative 
proportion  of  the  latter,  the  less  influence  will  any  error  or  loss 
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of  substance  that  may  occur  in  the  course  of  the  analytical  pro- 
cess, exercise  upon  the  accuracy  of  the  results.  Chloride  of 
platinum  and  ammonium  is,  consequently,  in  this  respect,  better 
adapted  for  the  determination  of  nitrogen  than  sal  ammoniac,  since 
100  parts  of  the  former  contain  only  6.28  of  that  element,  whilst 
100  parts  of  sal  ammoniac  contains  26.2  of  it. 

Suppose  we  have  to  analyse  a  nitrogenous  substance :  —  we 
convert  its  nitrogen  into  chloride  of  platinum  and  ammonium,  con- 
ducting the  process  with  absolute  accuracy,  we  obtain  from 
0.800  grammes  of  the  analysed  body,  ]  .000  gram,  of  chloride 
of  platinum  and  ammonium:  100  parts  of  this  double  chloride 
contain  6.28  parts  of  nitrogen,  1.000  contains  therefore  0.0628 
of  that  element.  These  0.0628  have  been  derived  from  0.800 
of  substance;  100  parts  of  die  analysed  body,  consequently, 
contain  20.98  of  nitrogen. 

We  make  a  second  analysis  of  the  substance,  in  which  we 
convert  the  nitrogen  of  the  substance  to  be  analysed  into  sal 
ammoniac,  instead  of  chloride  of  platinum  and  ammonium ;  we 
conduct  the  process  with  absolute  accuracy,  and  obtain  from 
0.300  of  the  substance  under  examination,  0.2396  of  sal  am- 
moniac, corresponding  to  0.0628  of  nitrogen,  or  20.93  per 
cent. 

Now,  let  us  assume  a  loss  of  10  milligrammes  to  have  occurred 
in  both  processes  ; — this  will  alter  the  result,  in  the  first  instance, 
from  1.000  to  0.990  of  chloride  of  platinum  and  ammonium,  cor- 
responding to  0.062172  of  nitrogen,  or  20.72  per  cent. ;  the  loss 
of  nitrogen  will  therefore  be  20.93  minus  20.72=0.21. 

In  the  second  instance  the  result  will  be  altered  from  0.2396 
to  0.2296  of  sal  ammoniac,  corresponding  to  0.0601  of  nitrogen, 
or  20.05  per  cent.  The  loss  in  this  case  will  consequently  amount 
to  0.88. 

We  see  here  that  the  same  error  occasions,  in  the  one  case, 
a  loss  of  0.21  per  cent.,  with  respect  to  the  amount  of  nitrogen, 
whilst,  in  the  other  case,  the  loss  amounts  to  0.88  per  cent. 

We  will  now  proceed   to   enumerate  and  examine  all  those 

n 
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combiDatioDS  which  are  best  adapted  for  the  quantitative  deter- 
mination of  every  individual  substance.  The  description  of  the 
external  form  and  appearance  of  the  new  compounds  relates  to 
the  state  in  which  they  are  obtained  in  our  analyses.  With  re- 
gard to  the  properties  of  the  new  compounds,  we  shall  confine 
ourselves  to  enumerate  those  which  bear  upon  the  special  object 
we  have  here  more  immediately  in  view. 


A.  Forms  and  combinations,  in  which  the  various  bases 

ARE   SEPARATED    FROM    OTHER    BODIES,    OR    IN    WHICH    THEIR 
WEIGHT  AND   RELATIVE   PROPORTION    IS   DETERMINED. 

BASES   OF  THE   FIRST  GROUP. 

§    42. 

1.    POTASS. 

The  combinations  best  adapted  for  the  weighing  of  potass  are. 
Sulphate  of  potass,  nitrate  of  potass,  chloride  of  potas- 
sium, CHLORIDE  OF  PLATINUM  AND  POTASSIUM. 

a.  Sulphate  of  potass  (which,  when  its  crystallization  proceeds 
undisturbed,  forms  usually  small,  hard,  oblique,  four-sided 
prisms,  or  double  pyramids  of  six  faces)  is  obtained  in  analysis 
as  a  white  crystalline  mass.  It  dissolves  pretty  readily  in  water ;  it 
is  nearly  altogether  insoluble  in  pure  alcohol,  but  in  a  slight  degree 
more  soluble  in  alcohol  containing  sulphuric  acid  in  admixture. 
(Experiment  No.  2.)  It  does  not  alter  vegetable  colors ;  it  is  un^ 
alterable  in  the  air.  The  crystals  decrepitate  strongly  when 
heated,  yielding  at  the  same  time  a  Little  water  (which  is  mecha- 
nically confined  between  their  plates).  The  decrepitation  of 
crystals  that  have  been  kept  long  drying  is  less  marked.     At  a 
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strong  red  heat,  sulphate  of  potass  fases  unaltered  and  without 
volatilizing. 

COMPOSITION. 

K  0  =  588.94  ....  54.08 
S  Oa=500.00  ....  45.92 


1088.94  100.00 


The  acid  sulphate  of  potass,  (hydrated  bi-sulphate  of  potass,) 
(K  0,  S  Oj-f-H  0,  S  O3)  which  is  uniformly  produced  when 
a  solution  of  neutral  sulphate  of  potass,  impregnated  with  free 
sulphuric  acid,  is  evaporated  to  dryness,  is  fusible  even  at  a 
moderate  heat.  At  a  red  heat,  it  loses  half  its  sulphuric 
acid,  together  with  the  basic  water,  but  not  readily  ;  the 
complete  re-conversion  of  the  acid  into  the  neutral  salt  re- 
quiring the  long-continued  application  of  an  intense  red-heat. 
If  heated,  however,  in  an  atmosphere  of  carbonate  of  ammonia, — 
(this  may  be  readily  procured  by  throwing  a  fragment  of  pure 
carbonate  of  ammonia  into  a  crucible  when  heated  to  feeble  red- 
ness, and  putting  the  cover  on,) — the  acid  salt  changes  readily 
and  quickly  into  the  neutral  sulphate.  This  transmutation  may 
be  considered  complete  as  soon  as  the  salt,  although  kept  simply 
at  a  feeble  red-heat,  has  perfectly  re-assumed  the  solid  state. 

h.  Nitrate  of  potass  crystallizes  generally  in  long  striated 
prisms.  In  analysis  it  is  obtained  as  a  white  crystalline  mass ;  it  is 
readily  soluble  in  water,  nearly  altogether  insoluble  in  absolute 
alcohol,  and  scantily  soluble  in  spirits  of  wine.  It  does  not 
alter  vegetable  colors,  and  is  unalterable  in  the  air.  On  being 
exposed  to  a  gentle  heat,  far  below  redness,  it  fuses  unaltered 
and  without  diminution  of  weight;  upon  the  application  of  a 
stronger  heat,  it  changes  into  nitrite  of  potass^  with  evolution 
of  oxygen,  and  if  the  heat  be  increased  to  intense  redness,  it 
becomes  converted  into  caustic  potass,  and  peroxide  of  potassium, 
with  evolution  of  oxygen,  and  of  nitrogen. 

n  2 


100  POTASS.  [§   42. 

COMPOSITION. 

K  O  588.94 46.69 

N  6,676.25 53  41 


1264.19       100.00 


c.  Chloride  of  potassium  crystallizes  usually  in  cubes  and 
rectangular  prisms,  rarely  in  octahedrons ;  in  analysis  we  obtain 
it  either  in  the  former  shape  or  as  an  amorphous  mass.  It  is 
readily  soluble  in  water,  nearly  insoluble  in  absolute  alcohol, 
and  but  scantily  soluble  in  spirits  of  wine.  It  does  not  change 
vegetable  colors,  and  is  unalterable  in  the  air.  When  heated, 
it  decrepitates,  (if  it  has  not  been  kept  long  drying,)  yielding  a 
little  water  (which  is  mechanically  confined  in  it).  At  a  feeble 
red-heat  it  fuses  unaltered,  and  without  diminution  of  weight, 
but  when  exposed  to  a  higher  temperature,  it  volatilizes  in  white 
vapors;  and  this  volatilization  proceeds  the  more  slowly  and 
difficultly,  the  more  effectually  and  completely  the  access  of  air  is 
prevented.     (Experiments  No.  8.) 

COMPOSITION. 

K=488.95 52.46 

Cl=443.20 47.65 


932.15       100.00 


d.  Chloride  of  platinum  and  potassium  presents  either  small 
reddish-yellow  octahedrons,  or  a  lemon-yellow  powder.  It  is  diffi- 
cultly soluble  in  cold,  but  more  readily  in  hot  water;  nearly  inso- 
luble in  absolute  alcohol,  and  but  scantily  soluble  in  spirits  of  wine, 
1  part  requiring  for  its  solution  12083  parts  of  absolute  alco- 
hol,— 3775  parts  of  spirits  of  wine  of  76  per  cent, — 1063  parts 
of  spirits  of  wine  of  55  per  cent.  (Experiment  No.  4  a.)  Pre- 
sence of  free  hydrochloric  acid  sensibly  increases  its  solubility. 
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(Experiment  No.  4  d  )  It  dissolves  completely  in  caustio  potass ; 
the  color  of  this  solution  is  yellow.  It  is  unalterable  in  the  air, 
and  at  212°.  Upon  being  exposed  to  an  intense  red  heat,  that 
portion  of  the  chlorine  which  is  combined  with  the  potassium 
escapes  completely,  and  metallic  platinum  and  chloride  of  potas- 
sinm  remain  ;  but  there  still  remains  some  chloride  of  platinum 
and  potassium  nndecomposed,  even  after  the  mass  has  been  kept 
in  fusion  for  a  long  time.  Complete  decomposition  takes  place, 
however,  if  the  salt  is  heated  to  redness  in  a  stream  of  hydrogen 
gas. 

COMPOSITION. 


K  =  488.94  . 

.  16.02 

KCl 

=  932.14  . 

.  .  30.54 

Pt=lii33.50  . 

.  40.42 

PtCI, 

=2119.90  . 

.  .  69.46 

3  01=1329.60  . 

.  48.56 

3052.04 

100.00 

3052.04 

100.00 

^  48. 

2.    SODA. 

Soda  is  usually  weighed  as  sulphate  of  soda,  nitrate  of 

SODA,   chloride   OF   SODIUM,   OR  CARBONATE    OF   SODA. 

a.  Anhydrous  neutral  sulphate  of  soda  occursas  a  white  pow- 
der, or  a  white,  very  iriable,  mass.  It  dissolves  readily  in  water ;  in 
absolute  alcohol  it  is  sparingly  soluble,  but  somewhat  more  readily 
in  spirits  of  wine  ;  (Experiment  No.  5 ;)  the  presence  of  free  sul- 
phuric acid  increases  its  solubility  in  absolute  alcohol.  It  is  neutral 
to  vegetable  colors ;  exposed  to  a  moist  atmosphere,  it  slowly  at- 
tracts water.  (Experiment  No.  6.)  It  remains  unaltered  at 
a  gentle  heat,  but  when  exposed  to  an  intense  red  heat,  it  fuses 
without  decomposition  or  diminution  of  weight. 

COMPOSITION. 

Na.  O.   =390.90  .  .  .  43.88 
S.  O,.   =500.00  •  .  .  56.12 


890.90       100.00 
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The  aeid  solpbate  of  soda  (bisolphate  of  soda). 

(Xa  O,  S  O,  +H  O,  S  O,)  is  uniformly  produced  when  a  solu- 
tion of  the  neotral  salt  impregnated  with  sulphuric  acid  in  excess 
is  erapoTBted  to  crystallization ;  this  acid  salt  fuses  even  at  a 
gentle  heat ;  it  may  be  readily  converted  into  the  neutral  salt  in 
the  same  manner  as  the  bisulphate  of  potass  is  reconverted  into 
the  neutral  salphate  (vide  §  42  a). 

b.  Nitrate  of  soda  crystallizes  in  obtuse  rhomboidal  cubes.  In 
analysis  it  is  mostly  obtained  as  an  amorphous  mass.  It  dis- 
solves readily  in  water,  but  is  nearly  altogether  insoluble  in  abso- 
late  alcohol,  and  bat  little  more  soluble  in  spirits  of  wine.  It  is 
neatral  to  vegetable  colors,  and  unalterable  in  the  common 
atmosphere ;  but  when  exposed  to  a  very  moist  air,  it  absorbs 
water.  It  fuses  without  decomposition  at  a  temperature  far  below 
red  heat ;  at  a  higher  temperature  it  undergoes  the  same  decom- 
position as  nitrate  of  potass.  (Vide  §  42  b.)  (Gomp.  Experi- 
ment No.  7.) 


COMPOSITION. 

NaO— 390.90      .     .     . 

.     36.66 

N  0,=675.25      .     .     . 

.     63.34 

10G6.15  100,00 


c.  Chloride  of  sodium  crystallizes  in  cubes,  octahedrons,  and 
hollow  square  pyramids.  In  analysis  it  is  frequently  obtained  as 
an  amorphous  mass.  It  dissolves  readily  in  water ;  it  is  hardly 
soluble  in  absolute  alcohol,  and  but  sparingly  so  in  spirits  of  wine. 
It  is  neutral  to  vegetable  colors.  Exposed  to  a  somewhat  moist 
atmosphere,  it  slowly  absorbs  water.  (Experiment  No.  8.)  Crystals 
of  this  salt  that  have  not  been  kept  long  drying  decrepitate  when 
heated,  yielding  a  little  water,  which  they  hold  confined  between 
their  plates.  At  a  red  heat,  it  fuses  without  decomposition ;  at  a 
white  heat,  and  in  open  vessels,  even  at  a  bright  red  heat,  it  vola- 
tilizett  in  white  vapors.     (Experiments  No.  9.) 
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AMMONIA. 

COMPOSITION. 

Na=290.90     .     .     .     . 

89.63 

01=443.20     .     .     .     . 

00.37 

734.10      .     .     .     . 

100.00 

d.  Anhydrous  carbonate  of  soda  exists  as  a  white  powder,  or  a 
white,  very  friable  mass.  It  dissolves  readily  in  water,  but  is  in- 
soluble in  alcohol.  Its  reaction  is  strongly  alkaline.  Exposed  to 
the  air,  it  absorbs  water  very  slowly.  At  a  strong  red-heat  it 
fuses  without  decomposition,  and  without  volatilizing. 


COMPOSITION. 

Na  0  =390.90     .     .     . 

.     58.70 

0  0,  =275.00     .     .     . 

.     41.30 

665.90  100.00 


§  44. 

3.   AMMONIA. 

Ammonia  is  most  advantageously  weighed  as  chloride  of  am- 
monium, AND   CHLORIDE   OF  PLATINUM  AND  AMMONIUM. 

Under  certain  circumstances,  ammonia  may  likewise  be  deter- 
mined from  the  volume  of  nitrogen  separated  from  it. 

a.  Chloride  of  ammonium  crystallizes  in  cubes  and  octahedrons, 
but  more  frequently  in  feathery  crystals.  In  analysis  we  obtain  it 
uniformly  as  a  soft  white  mass.  It  dissolves  readily  in  water,  but 
is  difficultly  soluble  in  spirits  of  wine.  It  does  not  alter  vegetable 
'colors,  and  is  persistent  in  the  air.  Solution  of  sal-ammoniac 
when  evaporated  in  the  water-bath,  loses  a  small  proportion  of 
ammonia,  and  becomes  slightly  acid.  The  diminution  of  weight 
occasioned  by  this  loss  of  ammonia  is  very  trifling.  (Expe- 
riment No.  10.)  At  212^  sal  ammoniac  loses  nothing,  or  next 
to  nothing,  of  its  weight.  At  a  higher  t^oaperature  it  volatilizes 
readily,  and  without  undergoing  decomposition. 

10 
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COMPOSITION. 

NH4=225.25  .  .  .  33.69  N  Ha=2l2-75  .  .  .     31.63 

CI      =443.20  .  .  .  66.31  CIH  =455.70  .  .  .     68.17 


668.45  100.00  668.45  100.00 


h.  Chloride  of  platinum  and  ammonium  ocoour  either  as  a 
heavy  lemon-yellow  powder,  or  in  small^  hard,  octahedral  crystals 
of  a  bright  yellow  color.  It  is  difficultly  soluble  in  cold,  but  more 
readily  in  hot  water.  It  requires  for  its  solution  26535  parts  of 
absolute  alcohol;  1406  parts  of  spirits  of  wine  of  76  per  cent., 
665  parts  of  spirits  of  wine  of  55  per  cent.  The  presence  of  free  acid 
sensibly  increases  its  solubility.  (Experiment  No.  11.)  It  is  un- 
alterable in  the  air,  and  at  212°.  When  heated  to  redness,  chlo- 
rine and  chloride  of  ammonium  escape,  and  metallic  platinum  re- 
mains behind  as  a  spongy  mass. 

COMPOSITION. 

N  H^  =  225.25  .  .     8.08  N  H  CI.  =  668.45  .  .  23.97 

Pt       =1233.50  .  .  44.24  Ft  CI,       =2119.90  .  .  76.08 

3   CI  =1329.60  .  .  47.68 


2788.35    .  100.00 


2788.35       100.00 


NH,   =  212.75  .  .  .     7.63  N      =   175.25  .  .  .     6.28 

CIH    =  455.70  .  .  .  16.34  H^    =     50.00  .  .  .     1.79 

PtCl,  =2119.90  .  .  .  76.03  Cl.s  =1329.60  .  .  .  47.69 

Pt     =1233.50  .  .  .  44.24 


2788.35    100.00 


2788.33    100.00 


c.  Nitrogen  gas  is  colourless,  tasteless,  and  inodorous,  miscible 
with  air  without  producing  the  slightest  coloration ;  it  is  indiffe- 
rent to  vegetable  colors;  its  specific  gravity  is  0*9 706.  (Air^l). 
One  litre  (one  cubic  decimeter)  weighs  at  32.  and  0.76  metres 
atmospheric  pressure  (29.8  of  the  barometer)  1.2609  grammes. 
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It  is  difficultly  soluble  in  water ;  one  volume  of  gas  requiring, 
at  64.4°  24  volumes  of  water. 


BASES  OF  THE  SECOND  GROUP. 

§45. 

1.  BARYTES. 

Barytes  is  generally  weighed  as  sulphate  of  barytes,  carbo- 
nate OF  BARYTES,  FLUORIDE  OF  SILICIUM  AND  BABIUM. 

a.  Sulphate  of  barytes^  artificially  produced,  is  a  fine 
white  powder.  It  is  almost  absolutely  insoluble  in  cold  as  well  as 
in  hot  water ;  the  presence  of  free  acid  hardly  increases  its  solu- 
bility. It  is  quite  unalterable  in  the  air,  at  212°,  and  even  at  a 
red  heat.  When  heated  to  redness,  together  with  charcoal,  it  is 
transformed  into  sulphuret  of  barium.  This  reduction,  however, 
takes  place  only  if  the  access  of  air  is  precluded. 


Ba  0  =964.86     . 

.     .     65.64 

S    O,=»00.00     .     , 

.     .     84.86 

J454.85  100.00 


h.  Carbonate  of  baryteSy  artificially  produced,  is  a  white 
powder.  It  dissolves  in  14137  parts  of  cold,  and  in  15421 
parts  of  boiling  water,  (experiment  No.  12) ;  it  dissolves  far 
more  readily  in  solution  of  chloride  of  ammonium,  or  nitrate  of 
ammonia.  From  these  solutions  it  is,  however,  precipitated 
again  by  caustic  ammonia.  Water  containing  free  carbonic  acid 
dissolves  carbonate  of  barytes  as  a  bi- carbonate.  It  is  almost 
absolutely  insoluble  in  water  impregnated  with  ammonia  and 
carbonate  of  ammonia,  one  part  requiring  about  141000  parts. 
(Experiment  No.  13.) 

Solution  of  carbonate  of  barytes  has  a  feebly  alkaline  reaction. 
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Carbonate  of  barytes  is  unalterable  in  the  air^  and  at  a  red- heat. 
Upon  heating  it  to  redness,  together  with  charcoal,  caustic 
barytes  is  formed,  whilst  carbonic  oxide  gas  escapes. 

COMPOSITION. 

Ba  0=954.85  .  .  .  77.64 
C  O,=275.00  .  .  .  22.36 


1223  85    100.00 


c.  Fluoride  of  silicium  and  barium  exists  in  small,  hard,  and 
colorless  crystals ;  more  frequently  still,  as  a  crystalline  powder. 
It  dissolves  in  3800  parts  of  cold,  but  more  readily  in  hot  water. 
(Experiment  No.  14.)  The  presence  of  free  hydrochloric  acid  in- 
creases its  solubility  considerably.  (Experiment  No.  15.)  It  is 
unalterable  in  the  airland  at  212^;  when  heated  to  redness,  it 
is  decomposed  into  fluosilicic  gas,  which  escapes,  and  fluoride  of 
barium  which  remains  behind. 


COMPOSITION. 

BaFl=1090.56  . 

.  .  62.43      Ba=854.85  . 

.  •  48.94 

SiFIa=  656.30  . 

.  .  37.57      Si=J84.88  . 

.  .  10.58 

El,=707.13  . 

.  .  40.48 

1746.86     100.00 


1746.86     100.00 


§  46. 

2.  STRONTIA. 

Strontia  is  determined  either  as  sulphate  of  strontia,  or 
AS  carbonate  of  strontia. 

a.  Sulphate  of  strontia,  artificially  prepared,  is  a  white 
powder.     It  dissolves  in  6895  parts  of  cold,  and  9638  parts  of 
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boilmg  water.  (Experiment  No.  16.)  It  is  less  soluble  in 
water  containing  sulphuric  acid,  requiring  as  much  as  11000  or 
12000  parts.  (Experiment  No.  17.)  It  dissolves  in  solution 
of  common  salt,  but  is  precipitated  again  by  sulphuric  acid.  It 
is  nearly  altogether  insoluble  in  alcohol  as  well  as  in  spirits  of 
wine.  It  does  not  alter  vegetable  colors ;  and  is  unalterable  in 
the  air,  and  at  a  red-heat  When  exposed  to  a  very  intense  red- 
heat,  it  fuses  without  undergoing  decomposition.  When  heated 
to  redness,  together  with  charcoal,  access  of  air  being  precluded, 
it  is  transformed  into  sulphuret  of  strontium. 

COMPOSITION. 

Sr  0=645.60  ....  66.35 
S  03=500.00  ....  43.65 


1145.60  100.00 


b.  Carbonate  of  strontia,  artificially  produced,  is  a  white 
delicate  loose  powder.  It  dissolves  at  the  common  temperature 
in  18045  parts  of  water.  (Experiment  No.  18.)  The  presence 
of  ammonia  diminishes  its  solubility.  (Experiment  No.  19.)  It 
dissolves  readily  in  solutions  of  sal-ammoniac  and  nitrate  of  am- 
monia, but  is  precipitated  again  from  these  solutions  by  ammonia. 
Water  impregnated  with  carbonic  acid  dissolves  it  as  a  bi-carbo- 
nate.  Its  re-action  is  very  feebly  alkaline.  It  remains  unaltered 
in  the  air,  and  even  at  a  red-heat;  but  when  exposed  to  a  very 
intense  red-heat,  it  fuses,  and  gradually  loses  its  carbonic  acid. 
Upon  heating  it  to  intense  redness  together  with  charcoal, 
caustic  strontia  is  formed,  whilst  carbonic  oxide  gas  escapes. 

COMPOSmON. 

Sr  0=645.60 70.12 

CO,=275.00 29.88 


920.60  100.00 
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§  47. 
3.   LIME. 

Lime  is  determined  either  as  sulphate  of  lime  or  as  car- 
bonate OF  lime  ;  for  the  latter  purpose,  it  is  precipitated  first  as 

OXALATE    OF  LIME. 

a.  Anhydrous  sulphate  of  lime,  artificially  produced,  is 
a  loose  white  powder.  It  dissolves  at  the  common  tem- 
perature in  430  parts,  and  at  212^  in  460  parts  of  water. 
The  presence  of  sal  ammoniac,  sulphate  of  soda,  and  com- 
mon salt  increases  its  solubility.  The  aqueous  solution  of 
gypsum  does  not  alter  vegetable  colors.  Sulphate  of  lime  is 
nearly  altogether  insoluble  in  alcohol,  as  well  as  in  spirits  of 
wine-  Exposed  to  the  air,  it  slowly  absorbs  water ;  it  remains 
unaltered  at  a  dull  red-heat.  When  heated  to  a  bright  redness, 
it  fuses  without  undergoing  decomposition.  Upon  being  heated 
to  redness  togetlier  with  charcoal,  access  of  air  being  precluded, 
it  is  reduced  to  sulphuret  of  calcium. 

COMPOSITION. 

Ca  0=350.00 41.18 

S  Os=600.00 58.82 


850.00       100.00 


b.  Carbonate  of  lime,  artificially  prepared^  is  a  white  fine 
powder.  It  dissolves  in  lOGOl  parts  of  cold,  (Experiment 
No.  20,)  and  in  8834  parts  of  boiling  water,  (Experiment  No. 
21).  Its  solution  has  a  hardly  perceptible  alkaline  reaction. 
Water  impregnated  with  ammonia  and  carbonate  of  ammonia  dis- 
solves it  far  more  sparingly,  one  part  requiring  about  65000  parts 
for  its  solution.  (Experiment  No.  22.)  This  solution  is  not  pre- 
cipitated by  oxalate  of  ammonia.  It  dissolves  more  readily  in 
solutions  of  sal  ammoniac  and  nitrate  of  ammonia,  but  is  preci- 
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pitated  again  from  these  solutions  by  ammonia.  Neutral  potass 
and  soda  salts  likewise  increase  its  solubility.  Water  impreg- 
nated with  oarbonic  acid  dissolves  carbonate  of  lime  as  a  bicar- 
bonate. Carbonate  of  lime  is  unalterable  in  the  air  at  212^^  and 
eyen  at  a  red-heat ;  but  upon  the  application  of  a  more  intense 
heat,  it  gradually  loses  its  carbonic  acid,  more  especially  with  free 
access  of  air.  Attempts  at  calcining  carbonate  of  lime  completely,  in 
a  platinum  crucible  over  a  spirit-lamp,  with  double  draught,  have, 
however,  failed.  (Experiment  No.  23.)  It  yields  up  its  carbonic 
acid,  (as  carbonic  oxide  gas,)  far  more  readily  when  heated  to  red- 
ness together  with  charcoal. 

COMPOSITION. 

Ca  0=850.00 66.00 

C  O,=276.00 44.00 


625.00       100.00 


c.  Oxalate  of  lime  is  a  fine  white  powder,  nearly  abso- 
lutely insoluble  in  water.  The  presence  of  free  oxalic  acid  and  acetic 
acid  increases  its  solubility  slightly ;  but  ammoniacal  salts  exercise 
no  influence  whatever  in  this  respect.  The  stronger  acids  (hydro- 
chloric acid,  nitric  acid)  dissolve  oxalate  of  lime  readily;  and 
from  these  solutions  it  is  precipitated  again  unaltered  by  alkalies ; 
and  likewise  (provided  the  excess  of  acid  be  not  too  great)  by  the 
addition  in  excess  of  alkaline  oxalates,  or  of  alkaline  acetates. 
It  is  unalterable  in  the  air,  and  at  212^ ;  dried  at  212°,  its  com- 
position is  as  follows : — (Experiment  No.  24.) 

Ca  0  =  360.00 38.36 

0,03=450.00 49.32 

aq   =112.50 12.32 


912.50       100.00 
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At  a  temperature  of  from  866°  to  392°,  oxalate  of  lime  loses 
its  \vater  without  undergoing  decomposition;  when  heated  to 
incipient  dull  redness  it  is  decomposed,  without  actual  sepa- 
ration of  carhon,  into  carbonic  oxide,  which  escapes,  and  car- 
bonate of  lime,  which  remains  behind.  The  powder,  which 
was  previously  of  snowy  whiteness,  transiently  assumes  a  grey 
color  in  the  course  of  this  process,  even  though  the  oxalate 
be  of  the  most  perfect  purity.  Upon  the  continued  application  of 
heat  this  grey  color  disappears  again.  If  the  oxalate  of  lime  is 
heated  in  small  coherent  fragments,  such  as  are  obtained  upon 
drying  the  precipitated  salt  upon  the  filter,  the  commencement 
and  progress  of  the  decomposition  can  be  readily  marked  by  this 
transient  appearance  of  grey.  If  the  process  of  heating  be  con- 
ducted properly  and  cautiously,  the  residue  will  not  contain  a 
trace  of  caustic  lime. 

§  48. 

4.    MAGNESIA. 

Magnesia    is  determined  either  as  sulphate   of  magnesia, 

PYROPHOSPHATE  OF  MAGNESIA,  OR  AS  PURE  MAGNESIA.    To 

transform  it  into  the  pyrophosphate,  it  is  precipitated  as  basic 

PHOSPHATE  OF  AMMONIA  AND  MAGNESIA. 

a.  Anhydrous  sulphate  of  magnesia  is  a  white  opaque 
mass.  It  dissolves  readily  in  water.  It  is  nearly  altogether  in- 
soluble in  absolute  alcohol ;  and  but  very  sparingly  soluble  in 
spirits  of  wine.  It  does  not  alter  vegetable  colors.  Exposed 
to  the  air,  it  absorbs  water  rapidly.  It  does  not  undergo  decom- 
position at  a  moderate  red-heat,  but  it  is  partially  decomposed 
when  heated  to  very  intense  redness.  It  loses  part  of  its  acid  in 
this  process  of  decomposition,  and  is  afterwards  no  longer  com- 
pletely soluble  in  water.     (Experiment  No.  2/3.) 
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COMPOSITION. 

Mg  0=257.75  ....  34.01 
S    03=500.00  ....  65.99 


757.75  100.00 


h,  Basic  phosphate  of  magnesia  and  ammonia  occurs  as  a 
white  crystalline  powder.  It  dissolves  at  the  common  tempera- 
ture in  15293  parts  of  cold  water.  (Experiment  No.  26.)  It 
is  far  more  insoluble  in  water  impregnated  with  ammonia,  one 
part  requiring  about  45000  parts.  (Experiment,  No.  27.)  Sal 
ammoniac  slightly  increases  its  solubility.  (Experiment  Nos. 
28  and  29.)  The  presence  of  phosphated  alkalies  is  without 
influence  in  this  respect.  It  dissolves  readily  in  acids,  even  in 
acetic  acid.  Its  composition  is  expressed  by  the  formula  P  O5, 
2  Mg  O,  N  H4,  0  +  12  aq.  When  this  salt  is  dried  at  212«, 
ten  equivalents  of  water  escape ;  upon  being  heated  to  redness, 
all  the  water  escapes,  together  with  the  ammonia,  leaving  P  O,, 
2  Mg  0  behind.  The  transition  of  the  common  phosphoric  acid 
into  pyrophosphoric  acid  is  indicated  by  a  lively  incandescence  of 
the  heated  mass. 

c.  Pyrophosphate  of  magnesia  occurs  as  a  white  mass,  fre- 
quently slightly  inclining  to  grey.  It  is  barely  soluble  in  water, 
but  readily  so  in  hydrochloric  acid,  and  in  nitric  acid ;  it  is 
unalterable  in  the  air,  and  even  at  a  red-heat.  It  fuses  without 
undergoing  decomposition  when  exposed  to  a  very  intense  degree 
of  heat.  It  does  not  alter  moist  turmeric  paper,  nor  reddened 
litmus  paper. 

COMPOSITION. 

P  O5     =891.65  ....  03.36 
2  Mg  0=515.50  •  .  .  .  36.64 


1407.05  100.00 
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d.  Pure  magnesia  is   a  white,  light,  loose  powder.     It  dis- 
solves   in  55368    parts  of   cold,  and  in  the  same   proportion 
of  boiling    water.      (Experiment    No.   30.)      Its    solutions  in 
water  have  a  very  feeble  alkaline  reaction.    Magnesia  dissolves 
I  in  hydrochloric  acid,  and  in  other  acids,  without  evolution  of  gas. 

Exposed  to  the  air,  it  slowly  absorbs  carbonic  acid  and  water. 
Magnesia  is  highly  infusible,  remaining  unaltered  at  a  strong 
red  heat,  and  fusing  superficially  only  at  the  very  highest  tempe- 
rature. 

COMPOSITION. 

I  Mg  0=157.75  ....  61.20 

I  0=100.00  ....  38.80 


257.75  100.00 


BASES  OF  THE  THIRD  GROUP. 


§  49. 
1.  ALUMINA. 

Alumina  is  usually  precipitated  as  hydrate  of  alumina,  and 
uniformly  weighed  in  its  pure  state. 

a.  Hydrate  of  alumina,  recently  precipitated,  is  a  gelatinous 
mass  which  retains  invariably  a  minute  proportion  of  the  acid 
with  which  the  alumina  was  combined  previously  to  its  precipi- 
tation, as  well  as  of  the  alkali  which  has  served  as  precipitant ; 
it  is  freed  with  difficulty  from  these  admixtures  by  repeated 
washings. 

Hydrate  of  alumina  is  insoluble  in  pure  water ;  but  readily 
soluble  in  solutions  of  soda  and  potass,  and  in  acids;   it  is 
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spaiiBgly  solable  in  caustic  ammonia,  and  altogether  insoluble 
in  carbonate  of  ammonia,  and  also  in  caustic  ammonia,  if  am- 
moniacal  salts  are  present  (Experiment  No.  31.)  Hydrate 
of  alumina  shrinks  considerably  upon  exsiccation,  and  when  dry* 
becomes  a  hard,  transparent,  yellowish,  or  a  white  earthy  mass* 
When  heated  to  redness  it  loses  its  water,  and  this  loss  of  water 
is  frequently  attended  with  slight  decrepitation,  and  invariably 
with  considerable  diminution  of  bulk. 

b.  Alumina,  prepared  by  heating  the  hydrate  to  redness,  (vide 
a,)  is  a  loose  and  soft  mass,  if  a  moderate  degree  of  heat 
has  been  applied:  but  if  this  substance  has  been  heated  to  a 
very  intense  degree  of  redness,  it  forms  small  hard  fragments. 
At  the  most  intense  degree  of  white  heat,  (before  the  oxi- 
hydrogen  blow-pipe,)  it  fiises  into  a  colorless  glass.  Ignited 
alumina  is  dissolved  by  acids  with  very  great  difficulty.  Placed 
upon  moist  reddened  litmus  paper,  it  does  not  turn  the  color 
of  this  paper  into  blue. 

COBiPOSITION. 

2  Al=840.84  ....  53.19 

3  0  =300.00  ....  46.81 


640.84  100.00 


§  50. 

2.   OXIDE   OF  CHROMIUM. 

Oxide  of  chronium  is  usually  precipitated  as  hydrated  oxide 
OF  CHROMIUM,  and  uniformly  weighed  in  its  pure  state. 

a.  Hydrated  oxide  of  chromium,  recently  precipitated,  is 
a  greenish  grey  gelatinous  mass,  insoluble  in  water;  it  dis- 
solves readily  in  solution  of  potass,  at  a  low  temperature,  im- 
parting a  dark  green  tint  to  the  solution ;  it  dissolves  likewise 

I 
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in  solation  of  ammonia^  at  a  low  temperatnre,  but  only  to  a 
moderate  extent,  imparting  a  bright  violet-red  tint  to  the  solu- 
tion ;  in  acids  it  dissolves  readily,  with  dark  green  coloration. 
The  presence  of  sal  ammoniac  does  not  exercise  any  influence  upon 
the  greater  or  less  solubility  of  hydrated  oxide  of  chromium  in 
ammonia.  Upon  boiling  solutions  of  hydrated  oxide  of  chromium 
in  potass  and  in  ammonia,  all  the  oxide  separates.  (Experiment 
No.  32.)  Hydrated  oxide  of  chromium,  when  dried,  is  a  greenish- 
blue  powder,  which  loses  its  water  of  hydration  at  a  gentle  red- 
heat. 

b.  Oxide  of  chromiuniy  produced  by  heating  the  hydrate  te 
dull  redness,  become  as  dark  green  powder,  which,  upon  the 
application  of  a  stronger  degree  of  heat,  assumes  a  brighter  tint, 
with  vivid  incandescence,  and  without  undergoing  any  diminution 
of  weight.  The  feebly  ignited  oxide  is  difficultly  soluble  in 
hydrochloric  acid,  and  the  strongly  ignited  oxide  is  altogether 
insoluble  in  this  acid. 

COBfPOSITION. 

2Cr=703.63  ....  70.11 
3  O  =300.00  ....  29.89 


1003.63  100.00 


BASES  OF  THE   FOURTH   GROUP. 

§   51. 
1.   OXIDE   OF   ZINC. 

The  oxide  of  zinc  i&  precipitated  as  basic  carbonate  of  zinc, 
or  as  sulphuret  of  zinc,  but  it  is  uniformly  weighed  as  the  pure 
oxide. 
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a.  Basic  carbonate  of  zinc,  recently  precipitated,  is  a  white, 
fiocculent  precipitate,  which  is  nearly  insoluble  in  water,  — 
(one  part  requires  44600  parts.  Experiment  No.  83,) — ^but 
readily  soluble  in  solutions  of  potass,  ammonia,  carbonate  of 
ammonia,  and  in  acids.  When  a  neutral  solution  of  zinc  is  pre- 
cipitated with  carbonate  of  potass,  (or  carbonate  of  sod^,)  carbonic 
acid  is  evolved,  under  all  circumstances,  since  the  precipitate 
formed  is  notZn  O,  C  Oi,  but  consists  of  a  mixture  of  2  (Zn  O, 
CO,)  +8(ZnO,HO,)  with  carbonate  of  zinc  and  potass.  (Potassio- 
carbonate  of  zinc)  Owing  to  the  presence  of  this  carbouic  acid,  as 
well  as  to  the  circumstance  that  tJ^  carbonate  of  zinc  and  potass  is 
not  insoluble  in  water^  part  of  the  oxide  of  zinc  remains  in  solution ; 
the  cold  filtered  fluid  yields,  therefore,  a  precipitate  when  acted 
upon  by  sulphuret  of  ammonium. 

If,  however,  the  solution  of  zinc  be  heated  to  boiling,  pre- 
viously to  the  addition  of  the  carbonate  of  potass,  and  then  kept 
boiling  for  some  time  after,  (which  wiU  prevent  the  formation  of 
carbonate  of  zinc  and  potass,  and  will,  moreover,  cause  the 
expulsion  of  every  trace  of  free  carbonic  acid  from  the  ftuid), — 
the  precipitation  of  the  zinc  will  be  complete,  in  so  far  as  the 
filtrate  will  not  be  rendered  turbid  by  the  addition  of  hydrosul- 
phuret  of  ammonia ; — ^however,  after  allowing  the  filtrate,  mixed 
with  hydrosulphuret  of  ammonia,  to  stand  at  rest  for  many 
hours,  minute  and  almost  imponderable  flakes  of  sulphuret  of 
zinc  will  separate  from  the  fluid.  The  precipitate  of  carbonate 
of  zinc,  obtained  in  the  manner  just  now  described,  may  be 
completely  freed  from  all  admixture  of  potass  by  washing  with 
hot  water.  If  ammoniacal  salts  be  present,  every  trace  of  am- 
monia must  be  expelled  first,  before  the  complete*  precipitation 
of  the  zinc  can  be  achieved.  If  the  solution  of  a  zinc  salt  be 
mixed  with  carbonate  of  potass  in  excess,  and  the  mixture  be 

*  That  is,  complete  within  the  limits  indicated  just  now,  so  that  hydro- 
sulphuret of  ammonia  occasions  no  turbidity  in  the  filtrate,  although  it  may 
produce  subsequently  and  after  long  standing  some  slight  and  almost  im- 
ponderable flakes  of  sulphuret  of  zinc. 

I  2 
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evaporated  to  dryness,  at  a  gentle  heat,  and  the  residue  treated 
with  cold  water,  a  pretty  considerable  proportion  of  the  zinc 
will  be  obtained  in  solution  as  carbonate  of  zinc  and  potass  ; 
but  if  the  mixture  be  evaporated  to  dryness,  at  a  boiling  heat, 
and  the  residue  be  treated  with  hot  water,  all  the  zinc  will  be 
obtained  as  carbonate  of  zinc,  (with  the  exception  of  an  ex- 
tremely minute  proportion,  as  we  have  already  had  occasion  to 
obseive.)  When  dry,  the  basic  carbonate  of  zinc  is  a  shining^ 
white,  loose  powder,  which,  upon  being  heated  toredness,  is  trans- 
formed into  oxide  of  zinc. 

b.  Oxide  of  zinc,  produced  by  heating  the  carbonate  to 
redness,  is  a  white  light  powder,  very  slightly  iuolining  to 
a  yellowish  tint.  It  assumes  a  yellow  color  at  a  high  tempera- 
ture, which  disappears  again  upon  booUng.  Heating  oxide  of 
zinc  to  redness,  together  with  charcoal,  gives  rise  to  the  evolution 
of  carbonic  oxide  gas,  and  'of  zinc  vapor.  Oxide  of  zinc  is 
insoluble  in  water.  Placed  upon  moist  turmeric  paper,  it  does 
not  turn  the  color  of  this  paper  into  brown.  In  acids,  oxide 
of  zinc  dissolves  readily,  and  without  evolution  of  gas. 

COMPOSITION. 

Zn=406.69  ....  80.26 
C  =100.00  ....  19.74 


506.69  100.00. 


c.  Sulphuret  of  zinc,  recently  precipitated,  occur  as  a  white 
loose  mass,  (Zn  S,  H  0,)  insoluble  in  water  as  well  as  in  caustic 
alkalies,  carbonated  alkalies,  and  alkaline  sulphurets.  It  dis- 
solves readily  and  completely  in  hydrochloric  acid  and  nitric  acid, 
but  very  sparingly  in  acetic  acid.  After  drying,  the  precipitate 
becomes  a  white  powder,  which  at  212^  loses  half,  and  at  a  red- 
heat  the  whole  of  its  water.  During  the  latter  process,  some 
sulphuretted  hydrogen  escapes,  and  the  remaining  sulphuret  of 
zinc  contains  oxide  of  zinc  in  admixture. 
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§  52. 

1.   PROTOXIDE   OF   MANGANESE. 

Manganese  is  weighed  either  as  manoanoso-manganic  oxide, 
(red  oxide  of  manganese)  [(Mn  0  +  Mn,  08)=»Mn3  OJ,  or 
as  PB0T08ULPHATE  OF  MANGANESE.  For  the  puTpose  of  Convert- 
ing it  into  the  first  form>  it  is  precipitated  as  protocarbonate 
OF  manganese,  hydrated  protoxide  of  manganese,  and  sul- 
phuret  of  manganese. 

a.  Protocarbonate  of  manganese,  recently  precipitated,  forms 
a  white  floccolent  precipitate,  nearly  altogether  insoluhle  in  pure 
water,  hut  somewhat  more  readily  solnhle  in  water  impreg- 
nated with  carhonic  acid.  The  presence  of  carbonate  of  soda  or 
potass  does  not  increase  its  solubility.  Recently  precipitated 
carbonate  of  manganese  dissolves  pretty  readily  in  solution  of  sal 
ammoniac ;  it  is  owing  to  this  property  that  a  solution  of 
protoxide  of  manganese  cannot  be  completely  precipitated  by 
carbonate  of  potass  or  soda,  in  presence  of  sal  ammoniac,  (or  of 
any  other  ammoniacal  salt,)  until  the  latter  is  completely  de- 
composed. If  the  precipitate,  while  still  moist,  is  exposed  to  the 
air,  or  washed  with  water  impregnated  with  air>  it  slowly  assiunes 
a  dirty  brownish-white  color,  part  of  it  becoming  oonyerted  into 
hydrated  manganic  oxide.  If  the  precipitate  is  dried,  removed 
from  the  contact  of  air,  it  becomes  a  soft,  white  powder,  per- 
sistent in  the  air,  [2  (Mn  O,  C  0,)-|-  2  aqj,  but  when  dried,  with 
free  access  of  air,  the  powder  is  of  a  more  or  less  dirty  white  or 
brownish  color.  When  heated  to  redness,  with  access  of  air, 
this  powder  first  turns  black,  and  is  subsequently  converted  into 
brown  manganoso-manganic  oxide. 

b.  Hydrated  protoxide  of  manganesey  recently  precipitated, 
forms  a  white,  flocculent  precipitate,  insoluble  in  water  and 
in  the  alkalies,  but  soluble  in  sal  ammoniac ;  this  precipitate 
immediately   absorbs  oxygen  from  the   air,  and   turns  brown, 
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owing  to  the  formation  of  hydrated  manganic  oxide.  Upon  drying 
the  precipitate  in  the  air,  a  brown  powder  is  obtained,  (hydrated 
manganic  oxide,)  the  color  of  which  strains  off;  this  powder, 
when  heated  to  intense  redness,  with  access  of  air,  becomes 
converted  into  manganoso-manganic  oxide. 

c,  Protosulphuret  of  mang^ane^ey  prepared  in  the  humid  way, 
forms  a  precipitate  of  a  flesh  tint;  it  is  insoluble  in  water 
and  alkalies.  It  is  not  altogether  insoluble  in  the  colorless 
hydrosulphuret  of  ammonia,  but  absolutely  insoluble  in  the 
yellow  hydrosulphuret  or  the  penta-sulphuret  of  ammonium, 
(yellow  sulphuretted  hydrosulphuret  of  ammonia) .  The  presence  of 
sal  ammoniac  does  not  increase  its  solubility.  In  hydrated  acids, 
(hydrochloric  acid,  sulphuric  acid,  &o.,)  it  dissolves  with  evolu- 
tion of  sulphuretted  hydrogen.  If  the  precipitate,  while  yet 
moist,  is  exposed  to  the  air,  or  washed  with  water  impregnated 
with  air,  its  fleshy  tint  changes  to  brown,  hydrated  manganic 
oxide  being  formed,  and,  at  the  same  time,  some  protosulphate 
of  manganese.  To  avoid  this,  it  is  advisable  to  add  to  the  wash- 
ing^ water  a  slight  portion  of  the  yellow  sulphuretted  hydrosul- 
phuret of  ammonia. 

d,  Manganoso-manganic  oxide^  (red  oxide  of  manganese), 
artificially  produced,  is  a  red-brown  powder.  If  it  is  exposed  to 
the  action  of  heat,  it  assumes  a  black  tint,  but  this  is  not  at- 
tended with  any  variation  in  its  weight.  It  is  insoluble  in  water, 
and  does  not  alter  vegetable  colors. 

COMPOSITION. 

3  Mn=1033.32  ....  72.10 

4  0=  400.00  ....  27.90 


1433.32  J  00.00 


<\  Protosulphate  of  manganese ,  in  its  anhydrous  state,  such  as 
is  obtained  upon  exposing  the  crystallized  salt  to  the  action  of 

*  All  the  cxides  of  manganese  are  converted  into  the  red  oxide  when 
igniled  strongly  in  the  open  air. 

7 
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heat,  is  a  white,  friable  mass,  readily  soluble  in  water,  it 
bears  the  continued  application  of  a  faint  red  heat,  without  un- 
dergoing decomposition;  but  when  ignited  to  a  greater  degree 
of  intensity,  it  is  more  or  less  completely  decomposed.  Oxygen, 
sulphurous  acid,  and  anhydrous  sulphuric  acid,  are  evolved  apd 
expelled,  and  red  oxide  of  manganese  remains  behind. 

COMPOSITION. 

Mn  0«=444.44  ....  47.05 
S  Oa  =500.00  ....  52.95 


044.44  100.00 


§  53. 

3.   PROTOXIDE   OF   NICKEL. 

Nickel  is  precipitated  as  hydrated  protoxide  of  nickel,  and 
as  suLPHURET  OF  NICKEL.  It  is  Uniformly  weighed  in  the  form 
of  protoxide. 

a,  Hydrated  protoxide  of  nickel  occurs  as  an  apple-green 
precipitate,  nearly  insoluble  in  water,  but  soluble  in  ammonia 
and  carbonate  of  ammonia.  It  is  completely  precipitated,  from 
these  solutions,  by  the  addition  of  potass  in  excess ;  this  preci- 
pitation is  promoted  by  heat.  It  is  unalterable  in  the  air.  Upon 
ignition,  it  changes  into  protoxide  of  nickel. 

h.  Protoxide  of  nickel  is  a  dirty  greyish-green  powder, 
insoluble  in  water,  but  readily  soluble  in  hydrochloric  acid.  It 
does  not  affect  vegetable  colors.  Its  weight  does  not  vary  upon 
ignition  in  the  air. 

COMPOSITION. 

Ni=369.l4  ....  78.68 
O  =100.00  .  .   .  21.32 


469.14      100.00 
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c.  Hydrated  mlpkuret  of  nickel,  prepared  in  the  humid  way, 
is  a  black  precipitate  insoluble  in  water.  It  is  insoluble  in 
an  excess  of  sulpburet  of  ammonium,  perfectly  saturated  with 
sulphuretted  hydrogen,  but  it  is  slightly  soluble  in  ammonia, 
and  still  more  so  in  ammonia  not  fully  saturated  with 
sulphuretted  hydrogen.  When  these  solutions,  which  are  of  a 
more  or  less  brown  color,  are  exposed  to  the  air,  the  sulphuret 
of  nickel,  contained  in  them,  precipitates  gradually.  (Vide  Ex- 
periments sub.  No.  84).  If  sulphuret  of  nickel,  in  a  moist  state,  is 
exposed  to  the  air,  it  oxidizes  slowly,  and  is  conyerted  into 
protosulphate  of  nickeL  It  is  very  sparingly  soluble  in  acetic 
acid,  but  somewhat  more  so  in  hydrochloric  acid.  It  is  more 
readily  soluble  still  in  nitric  acid,  and  most  so  in  aqua  regia. 
It  loses  its  water  upon  the  apphcation  of  a  red-heat;  when 
ignited  in  the  air,  it  becomes  transformed  into  a  basic  compound 
of  peroxide  of  nickel  with  sulphuric  acid. 

§  54. 

4.    PROTOXIDE    OF   COBALT. 

Cobalt  is  uniformly  weighed  in  the  pure  metallic  state.  Be- 
side the  properties  of  metallic  cobalt,  we  have  to  examine 
here  those  of  hydrated  protoxide  of  cobalt,  cobaltobo* 
coBALTic  oxide,  and  sulphuret  of  cobalt. 

a.  Hydrated  protoxide  of  cobalt, — Upon  precipitating  a  solu- 
tion of  protoxide  of  cobalt  with  potass,  a  blue  precipitate  (a  basic 
salt)  is  formed  at  first,  which,  upon  boiling  with  potass  in  excess, 
removed  from  the  contact  of  air,  changes  into  bright  red  hydrate 
of  protoxide  of  cobalt ;  if,  on  the  contrary,  this  process  be  con- 
ducted with  free  access  of  air,  the  precipitate  will  become  dis- 
colored, part  of  the  hydrated  protoxide  beiug  converted  into  hy- 
drated peroxide.  Hydrated  protoxide  of  cobalt  is  insoluble  in 
water,  and  likewise  iu  potads ;  it  is  soluble  in  ammoniacal  salts ; 
when  dried  in  the  air,  it  absorbs  oxygen,  and  assumes  a  brownish 
color 
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b.  If  hydrated  protoxide  of  cobalt  is  ignited  in  the  air,  it 
becomes  transformed  into  either  one  or  the  other  of  the  two 
following  compounds  of  protoxide  with  peroxide  of  cobalt,  {co- 
baltoso'cobaltic  oxide). 

C05     O, 

or, 
C03     O^ 

According  to  the  greater  or  less  degree  of  intensity  of  the  heat 
applied,  so  that  Co^  O^  is  more  particularly  the  result  of  a  feeble 
heat,  whilst  Goe  O^  results  from  the  application  of  an  intense 
heat  Since  it  is  difficult,  however,  to  produce  a  constant  oxygen 
compound  in  this  manner,  it  is  by  far  the  safest  way  to  redace 
the  compound  thus  obtained  to  the  metallic  slate,  if  it  be  intended 
to  determine  the  cobalt. 

c.  Metallic  cobalt,  produced  by  reducing  its  oxide,  by  means 
of  hydrogen,  becomes  a  grey  magnetic  powder,  of  more  difficult 
fusibility  than  gold.  Cobalt  that  has  been  reduced  at  a  gentle 
heat  oxidizes  at  the  common  temperature ;  but  when  it  has  been 
reduced  at  an  intense  red-heat,  it  absorbs  oxygen  very  slowly. 
Ignited  in  the  air,  it  oxidizes  into  cobaltoso-cobaltic  oxide.  It 
dissolves  readily  and  completely  in  nitric  acid,  and  likewise  in 
hot  and  concentrated  hydrochloric  acid. 

d.  Sulphur et  of  cobalt,  produced  in  the  humid  way,  is  a 
black  precipitate,  insoluble  in  water,  alkalies,  and  alkaline  sul- 
phorets.  It  is  but  sparingly  soluble  in  acetic  acid  and  dilute 
mineral  acids,  but  more  readily  so  in  concentrated  mineral  acids ; 
it  dissolves  most  readily  in  hot  aqua  regia.  When  sulphuret  of 
cobalt,  in  a  moist  state,  is  exposed  to  the  air,  it  slowly  absorbs 
oxygen,  and  becomes  converted  into  protosulphute  of  cobalt. 
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§    55. 

5.  PROTOXIDE  OF  IRON  ;   and  6,  peroxide  of  iron. 

Iron  is  uniformly  weighed  in  the  form  of  peroxide.  Besides 
the  peroxide,  we  have  to  examine  the  hydrated  peroxide  of 

IRON,  SULPHURET  OF  IRON,  and  PERSUCCINATE  OF  IRON. 

a.  Hydrated  peroxide  of  iron,  recently  precipitated,  is  a  red 
brown  precipitate,  insoluble  in  water,  in  the  alkalies,  and  in 
ammoniacal  salts,  but  readily  soluble  in  acids;  the  process  of  dry- 
ing reduces  the  bulk  of  this  precipitate  amazingly.  When  dry,  it 
becomes  a  brown  hard  mass,  the  firacture  of  which  exhibits  a 
glossy  appearance  similar  to  shell.  In  the  precipitation  of  per- 
salts  of  iron  by  ammonia  and  the  alkalies,  (in  excess,)  a  portion  of 
the  precipitated  alkali  is  invariably  carried  down  in  combination 
with  the  peroxide  of  iron,  and  cannot  be  entirely  removed  by  wash- 
ing. When  ammonia  is  used,  however,  the  excess  of  the  precipi- 
tant may  be  expelled  by  ignition.  We  use,  therefore,  ammonia 
alone  to  precipitate  persalts  of  iron»  for  the  purpose  of  analysis. 

h.  The  hydrated  peroxide  of  iron,  upon  being  ignited,  changes 
into  the  anhydrous  peroxide.  Pure  peroxide  of  iron,  when  placed 
upon  moist  reddened  litmus  paper,  does  not  color  the  latter  blue. 
It  dissolves  slowly  in  dilute,  but  more  rapidly  in  concentrated 
hydrochloric  acid ;  the  appUcation  of  a  moderate  degree  of  heat 
promotes  this  solution  more  than  that  of  ebulUtion  heat. 

Its  weight  does  not  vary,  upon  ignition  in  the  air;  when 
ignited  together  with  sal  ammoniac,  perchloride  of  iron  escapes. 
Ignition  in  contact  with  charcoal,  shielded  from  the  access  of  air, 
reduces  it  more  or  less. 

COMPOSITION. 

2  Fe  =700.00     .     .     .     70.00 

3  0.  =300.00     .     .     .     30.00 


1000.00  100.00 
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c,  Sulphuret  of  iroUy  produced  in  the  humid  way,  is  a  hlaok 
precipitate,  slightly  soluble  in  aerated  water,  (with  decompo- 
sitionj  insoluble  in  water  containing  alkaline  eulphurets,  but 
readily  soluble  in  mineral  acids  (even  in  dilute  mineral  acids). 
When  precipitated  from  a  highly  dilute  solution,  it  remains  sus- 
pended a  long  time,  imparting  a  blackish  green  tint  to  the  fluid  ; 
it  subsides,  however,  completely,  after  the  lapse  of  some  time. 
When  moistened  and  exposed  to  the  air,  it  absorbs  oxygen,  and 
assumes  a  brown  tint,  bemg  transformed  into  hydrated  peroxide  of 
iron  and  protosulphate  of  iron. 

d.  When  a  neutral  solution  of  a  persalt  of  iron  is  mixed  with 
a  neutral  solution  of  a  succinate  of  ammonia,  a  cinnamon-colored 
precipitate  of  a  brighter  or  darker  hue  is  formed ;  this  i^  permed- 
nate  of  iron  (Fe,  Oa,  S,).  It  results  from  the  nature  of  this 
precipitate,  that  its  formation  must  set  free  an  equivalent  of  acid, 
(of  succinic  acid,  if  the  succinate  of  ammonia  is  used  in  excess)  ; 
e.g,y  Fe,  O3,  3  S  Os  +  3  NH^  O,  S=Fe,  0„  S,+3  NH^  O, 
SO,  +  S.  This  free  succinic  acid  does  not  exercise  a  clearly  per- 
ceptible solvent  action  upon  the  precipitate,  in  a  cold  and  highly 
dilute  solution,  but  it  redissolves  the  precipitate  more  copiously  in 
a  hot  solution.  The  precipitate  must  therefore  be  filtered  cold,  if 
we  want  to  guard  against  its  redissolution.  Formerly  the  precipi- 
tate was  erroneously  supposed  to  consist  of  a  neutral  salt,  decom- 
posable by  hot  water  into  an  insoluble  basic  and  soluble  acid 
compound.  Fersuccinate  of  iron  is  insoluble  in  cold,  and  but 
sparingly  soluble  in  hot  water.  It  dissolves  readily  in  mineral 
acids.  Ammonia  deprives  it  of  the  greater  portion  of  its  acid, 
leaving  compounds  similar  to  the  hydratid  peroxide  of  iron,  and 
which  contain  from  nine  to  fifteen  equivalents  of  peroxide  of 
iron  to  one  equivalent  of  succinic  acid.  (Dopping.)  Hot  ammo- 
nia withdraws  the  acid  more  completely  than  cold  ammonia. 
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BASES   OF  THE    FIFTH   GROUP. 

§   66. 
1.   OXIDE    OF    SILVER. 

Silver  may  be  weighed  in  its  metallic  state,  and  likewise  as 

CHLORIDE    OF    SILVER,    SULPHURET    OF   SILVER,    and    CYANIDE    OF 
SILVER. 

a.  Metallic  silver,  obtained  by  the  ignition  of  salts  of  silver 
with  organic  acids,  etc.,  is  a  light,  white,  glittering'  mass 
of  metallic  lustre ;  bnt  when  obtained  by  reducing  chloride  of 
silver,  etc.,  in  the  humid  way,  by  the  agency  of  zinc,  it  forms  a 
dull  grey  powder.  It  is  not  fusible  over  aBerzelius  lamp ;  ignition 
produces  no  alteration  in  its  weight.  It  dissolves  readily  and  com- 
pletely in  dilute  nitric  acid. 

h.  Chloride  of  silver  recently  precipitated,  occurs  as  a  white 
curdy  mass,  which,  upon  drying,  becomes  pulverulent.  It  is  wholly 
insoluble  in  water  and  in  nitric  acid,  but  slightly  soluble  in  con- 
centrated hydrochloric  acid  ;  however,  upon  diluting  this  solution^ 
the  dissolved  chloride  precipitates  again  almost  completely.  It  is 
likewise  slightly  soluble  in  solution  of  sal  ammoniac,  (but  not  of 
any  other  ammoniacal  salt,)  chloride  of  sodium  and  chloride  of 
potassium,  especially  when  these  solutions  are  concentrated.  It 
dissolves  readily  in  caustic  ammonia.  Exposed  to  the  light,  it 
acquires  first  a  violet,  and  finally  a  black  color,  owing  to  the 
escape  of  chlorine.  This  modification  of  the  chloride  of  silver  is, 
however,  so  very  superficial,  that  the  loss  of  chlorine  cannot  be 
determined,  even  though  a  very  deUcate  balance  be  used.  When 
heated,  chloride  of  silver  acquires  a  yellow  tint,  and  at  about  500^ 
it  fuses,  forming  a  transparent  yellowish  liquid,  which,  after  cool- 
ing, appears  as  a  colorless  or  slightly  yellowish  mass.  Chloride 
of  silver,  when  very  strongly  ignited,  volatilizes  unaltered.  When 
fiised  in  chlorine  gas,  it  absorbs  a  small  proportion  of  the  latter, 
but  loses  this  again  completely  upon  cooling.     Ignition  in  contact 
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-with  charcoal  fails  to  reduce  chloride  of  silver  ;  but  this  sub- 
stance is  readily  reduced  to  metallio  silver  by  igniting  it  in  a 
stream  of  carbonic  oxide  gas. 


COMPOSmON. 

Ag  =1349.01     .     .     . 

75.28 

CI   =  443.20     .     .     . 

24.72 

1792.21  100.00 


c.  Sulphuret  of  silver,  formed  in  the  humid  way,  is  a  black 
precipitate,  insoluble  in  water^  dilute  acids,  alkalies  and  alkaUne 
sulphurets ;  this  precipitate  is  unalterable  in  the  air,  and  may  be 
dried  at  212°  without  suffering  decomposition.  It  dissolves  in 
concentrated  nitric  acid,  with  separation  of  sulphur. 


COMPOSITION. 

Ag  =]  849.01     .     .     . 

87.08 

S     =  200.00     .     .     . 

12.92 

1549.01  100.00 


d.  Cyanide  of  silver,  recently  precipitated,  is  a  white  curdy 
mass,  insoluble  in  water  and  dilute  nitric  acid^  soluble  in 
cyanide  of  potassium^  and  likewise  in  ammonia ;  this  precipitate 
may  be  dried  at  212^  without  suffering  decomposition ;  when  ex- 
posed to  light,  it  does  not  acquire  the  slightest  shade  of  black* 
When  ignited,  it  is  decomposed  into  cyanogen  gas,  which  escapes, 
and  metallic  silver  which  remains  behind,  mixed  with  a  small  por- 
tion of  paracyanide  of  silver. 

COMPOSITION. 

Ag    =1349.01     .     .     .     80.58 
C,N=  325.25     .     .     .     19.42 

1674.26  100.00 
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§67. 
2.  PROTOXIDE  OF  LEAD. 

Lead  is  weighed  as  protoxide,  sulphate,  chloride,  and  sul- 
PHURET  OF  lead.  Besides  these  four,  we  have  likewise  to  ex- 
amine the  CARBONATE  AND  OXALATE  OF  LEAD. 

cu  Neutral  carbonate  of  lead  forms  a  heavy  white  pulverulent 
precipitate.  It  is  but  very  slightly  soluble  in  perfectly  pure  water, 
(one  part  requiring  66660  parts  of  pure  water;  vide  Experiment  No. 
36  a,)  but  it  dissolves  somewhat  more  readily  in  water  containing 
ammonia  and  ammoniacal  salts.  (Experiments  No.  86  &  and  c). — 
It  dissolves  likewise  somewhat  more  readily  in  water  impregnated 
with  carbonic  acid,  than  in  pure  water.  It  loses  its  carbonic  acid 
when  ignited. 

h.  Oxalate  of  lead  is  a  white  powder  very  sparingly  soluble  in 
water.  The  presence  of  ammoniacal  salts  slightly  increases  its  solu- 
bility. (Exper.  No.  36).  When  heated  in  close  vessels,  it  leaves 
suboxide  of  lead  behind,  but  when  heated,  with  access  of  air,  the 
protoxide  remains  instead  of  the  suboxide. 

c.  Protoxide  of  lead,  produced  by  igniting  the  carbonate  or 
oxalate  of  this  metal,  is  a  lemon-yellow  powder,  inclining 
sometimes  to  a  reddish  yellow,  or  to  a  pale  yellow.  When  this 
yellow  protoxide  of  lead  is  heated,  it  assumes  a  brownish  red  color, 
without  the  slightest  variation  in  its  weight.  It  fuses  at  an  in- 
tense red  heat.  Ignition  in  contact  with  charcoal  reduces  it. 
When  exposed  to  a  white  heat,  it  rises  in  vapor.  Placed  upon 
moist,  reddened  litmus-paper,  it  turns  the  color  of  this  paper  into 
blue.    When  exposed  to  the  air,  it  slowly  absorbs  carbonic  acid. 

COMPOSmON. 

Pb  =1294.60     .     .     .     02.88 
O   =  100.00     .     .     .       7.17 


1894.60  100.00 
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d.  Sulphate  of  lead  forms  a  heavy,  ^hite  powder.  It  dissolves, 
at  the  common  temperature,  in  22800  parts  of  pure  water,  (Ex- 
periment No.  87) ;  it  is  less  soluble  still  in  water  containing  sul- 
phuric acid,  (one  part  requiring  86500  parts — ^Experiment  No. 
88) ;  it  is  far  more  readily  soluble  in  water  containing  ammoniacal 
salts ;  from  this  solution  it  may  be  readily  precipitated  again  by 
adding  sulphuric  acid  in  excess,  (Experiment  No.  89) ;  it  is 
nearly  altogether  insoluble  in  alcohol  and  spirits  of  wine.  It  dis- 
solves in  concentrated  hydrochloric  acid,  upon  heating.  It  dis- 
solves in  nitric  acid  the  more  readily,  the  more  concentrated  and 
hotter  the  acid ;  water  fails  to  precipitate  it  from  the  solution  in 
nitric  acid ;  but  the  addition  of  a  copious  amount  of  dilute  sul- 
phuric acid  causes  its  precipitation  from  this  solution.  The  quan- 
tity of  sulphuric  acid  required  for  this  precipitation  increases  in 
proportion  to  the  amount  of  nitric  acid  present.  It  dissolves 
sparingly  in  concentrated  sulphuric  acid,  and  the  dissolved  por- 
tion precipitates  again  upon  diluting  the  acid  with  water,  (and 
more  completely  still,  upon  the  addition  of  alcohol).  Sulphate 
of  lead  is  unalterable  in  the  air  and  at  a  gentie  red  heat ;  when 
exposed  to  a  higher  degree  of  heat,  it  fuses  without  suffering 
decomposition.  (Experiment  No.  40.)  When  sulphate  of  lead  is 
ignited  in  contact  with  charcoal,  sulphuret  of  lead  is  formed  at 
first,  and  the  sulphur  of  this  reduces  the  sulphuric  acid  of  a  not 
yet  decomposed  portion  of  the  sulphate,  to  sulphurous  acid,, 
giving  thus,  on  both  sides,  rise  to  the  separation  of  metallic 
lead. 

COMPOSITION. 

Pb  0=1894.50 73.56 

S0»=  500.00 26.44 


1894.50  100.00 


e.  Chloride  of  lead  appears  either  in  the  form  of  small  brilliant 
crystalline  needles,  or  as  a  white  powder ;  it  dissolves,  at  the  com- 
mon temperature,  in  186  parts  of  water ;  and  is  still  far  more  readily 
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solable  in  hot  water;  it  dissolves  less  readily  in  water  im- 
pregnated with  nitric  acid,  ( 1  part  requiring  1636  parts. — Bischof ) ; 
it  dissolves  copiously  in  concentrated  hydrochloric  acid,  and  may 
be  precipitated  again  from  this  solution  by  the  addition  of  water. 
It  is  extremely  sparingly  soluble  in  spirits  of  wine  of  from  70  to 
80  per  cent.,  and  quite  insoluble  in  absolute  alcohol.  It  is  unal- 
terable in  the  air.  It  fuses  at  a  temperature  below  red-heat, 
without  suffering  any  diminution  of  weight.  When  exposed  to  a 
higher  temperature,  with  access  of  air,  it  volatilizes  slowly,  with 
partial  decomposition.  Chlorine  gas  escapes,  and  a  mixture  of 
protoxide  and  chloride  of  lead  remains  behind. 

COMPOSITION. 

Pb=1294.50 74.49 

Cl=  443.20 26.51 


1737.70  100.00 


f,  Sulphuret  of  lead,  prepared  in  the  humid  way,  is  a 
black  precipitate,  insoluble  in  water,  dilute  acids,  alkalies  and 
alkaline  sulphurets.  This  precipitate  is  unalterable  in  the  air, 
and  may  be  dried  at  212^,  without  suffering  decomposition.  It 
dissolves  in  concentrated  and  hot  hydrochloric  acid,  with  evolu- 
tion of  sulphuretted  hydrogen.  In  moderately  concentrated  nitric 
acid,  sulphuret  of  lead  dissolves,  upon  the  application  of  heat, 
with  separation  of  sulphur,  (when  the  acid  is  tolerably  concen- 
trated, a  small  portion  of  sulphate  of  lead  is  likewise  formed). 
When  sulphate  of  lead  is  acted  upon  by  fuming  nitric  acid,  it  be- 
comes converted  into  sulphate  of  lead,  without  separation  of  sul- 
phur ;  the  action  of  the  Aiming  nitric  acid  upon  the  sulphuret^  is 
very  energetic.     (Experiment  No.  41.) 

COMPOSITION. 
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§  58. 
3.  PROTOXIDE  OF  MERCURY  ;  and  4.  PEROXIDE  OF  MERCURY. 

Mercury  is  weighed  either  in  its  metallic  state,  or  as  proto- 

CHLORIDE,  or  as  SULPHURET  OF  MERCURY  (CINNABAR). 

a.  Mercury  in  its  metalUc  state  is  liquid  at  the  common  tem- 
perature ;  its  color  is  white  like  tin.     When  pure,  its  surface  is 
perfectly  clean,  and  does  not  tarnish  in  the  air.     It  is  unalterable 
in  the  air,  at  the 'common  temperature.   It  boils  at  680^.  Mercury 
emits  a  sensible  Taper  at  from  between  68  and  80^;  this  species 
of  vaporization  proceeds,  howeveii  very  slowly.     Upon  protracted 
boiling  with  water,   a  small  portion  of  mercury  vaporizes,  and 
traces  of  it  escape  in  conjunction  with  ihe  aqueous  vapor,  whilst  a 
very  minute  proportion  remains  suspended  in  the  water.     (Expe- 
riment No.  42.)      This  suspended  portion  of  mercury   subsides 
completely  after  long  standing  at  rest.     When  metallic  mercury 
is  precipitated  from  a  fluid,  in  a  very  minutely  divided   form, 
the  small  globules  will  readily  unite  into  a  large  one,  if  the  mer- 
cury be  perfectly  pure  ;  but  if  even  the  slightest  trace  of  extra- 
neous matter,  such  as  fat,  etc.,  should  adhere  to  the  mercury,  the 
confluence  of  the  minute  globules  of  this  metal  will  be  prevented. 
Mercury  does  not  dissolve  in  hydrochloric  acid,  even  though  the 
acid  be  concentrated ;  it  is  barely  soluble  in  dilute  cold  sulphu- 
ric acid,  but  it  dissolves  readily  in  nitric  acid,  and  in  concen- 
trated boiling  sulphuric  acid. 

b,  Proiochloride  of  mercury,  prepared  in  the  humid  way,  is 
a  heavy  white  powder.  It  is  almost  absolutely  insoluble  m 
cold  water ;  in  boiling  water  it  is  gradually  resolved  into  chlorine 
and  mercury,  and  upon  continued  boiling  the  residue  acquires  a 
grey  color.  Highly  dilute  hydrochloric  acid  fails  to  dissolve  the 
protochloride  of  mercury,  at  the  common  temperature,  but  dis- 
solves it  slowly  at  a  higher  temperature,  and  completely,  by  de- 
grees, upon  boiling  the  fluid,  with  access  of  air ;  the  solution  con- 
tains perchloride  of  mercury,  (Hg,  Cl-hCl  H-f-0=2  HgCl-h 
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H  O).  When  protochloride  of  mercury  is  acted  upon  by  boiling 
concentrated  hydrochloric  acid,  it  is  speedily  decomposed  into 
mercury,  vrhich  remains  undissolved,  and  perchloride  of  mer- 
cury, which  dissolves  in  the  menstruum.  Boiling  nitric  acid 
dissolves  protochloride  of  mercury,  transforming  it  into  perchlo- 
ride and  pemitrate  of  mercury.  Ghlorine-water  and  aqua  regpia 
dissolved  it  as  perchloride,  even  at  a  low  temperature.  Solution 
of  sal  ammoniac,  chloride  of  sodium,  and  chloride  of  potassium, 
resolve  protochloride  of  mercury  into  metallic  mercury  and  per- 
chloride of  mercury,  which  latter  dissolves  in  'the  menstruum ; 
at  a  low  temperature  this  resolution  is  confined  to  a  small  portion 
of  the  protochloride,  but  it  prqpeeds  to  a  greater  extent  at  a  high 
temperature.  Protochloride  of  mercury  does  not  afiEect  vegetable 
colors ;  it  is  unalterable  in  the  air ;  it  may  be  dried  at  212^,  with- 
out suffering  any  diminution  of  weight ;  when  exposed  to  a  higher 
degree  of  heat,  (although  still  below  redness,)  it  vaporizes  com- 
pletely, without  fusion. 

COMPOSITION. 
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c,  Sulfihuret  of  mercury,  prepared  in  the  humid  way>  is  a 
black  powder,  insoluble  in  water.  Dilute  hydrochloric  acid,  and 
dilute  nitric  acid>  fail  to  dissolve  it,  and  it  remains  insoluble  even 
in  boiling  hydrochloric  acid ;  it  is  barely  soluble  in  hot  and  con- 
centrated nitric  acid,— but  it  is  dissolved  by  aquaregia.  It  10 
insoluble  in  boiling  solution  of  potass,  but  dissolves  readily  in 
sulphuret  of  potassium.  (Experiment  No.  44).  Sulphuret  of  am- 
monium and  cyanide  of  potassium  fail  to  dissolve  it.  It  is  unal- 
terable in  the  air,  and  undergoes  no  change  at  212®.  When,  ex- 
posed to  a  higher  temperature,  it  sublimes  completely  and  unal- 
tered. 
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§  59. 
5.  OXIDE  OF  COPPER. 

Copper  is  usually  weightd  in  the  fonn  of  oxide.     Besides  the 
oxide^  we  have  to  examine  sulphuret  of  copper,  and  metallic 

COPPER. 

a.  Oxide  of  copper.     Upon  mixing  a  dilute,  cold,  aqueous  so- 
lution of  a  salt  of  copper  with  caustic  potass  in  excess,  a  bright 
blue  precipitate  of  hydrated  oxide  of  copper  is  formed ;  this  preci- 
pitate is  very  apt  to  carry  down  a  little  of  the  precipitant  alkali, 
which  it  is  Very  difficult  to  remove  completely  by  washing.   If  the 
precipitate  be  aUowed  to  continue  in  the  fluid,  £rom  which  it  has 
been  precipitated,  it  will  gradually  acquire  a  dark  brown  tint,  even 
at  a  temperature  of  firom  68^  to  80^,  yielding  up  nearly  the  whole 
of  its  water  of  hydration.    This  transformation  takes  place  imme- 
diately, if  the  fluid  is  heated  nearly  to  boiling.     The  fluid  filtered 
off  firom  the  black  precipitate,  is  free  fi*om  copper.    If  the  solu- 
tions of  the  salt  of  copper  and  of  caustic  potass,  are  mixed  in  a 
concentrated  state,  the  fluid,  in  addition  to  the  formation  of  the 
blue  precipitate,  will  acquire  a  blue  color,  owing  to  a  portion  of 
very  minutely  divided  hydrated  oxide  remaining  suspended  in  it. 
From  a  fluid  of  this  description,  even  protracted  boiling  will  fail 
to  precipitate  all  the  copper  which  it  contains,  except  the  fluid 
be  previously  diluted  with  water.    If  the  solution  of  a  salt  of 
copper  contains  non-volatile  organic  substances    in  admixture, 
the    action   of  potass  in  excess   will   not  precipitate    all  the 
copper  as  oxide,  not  even  upon  boiling.    The  oxide  of  copper 
precipitated  with  potass  firom  hot  dilute  solutions  of  salts  of 

K  2 
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copper,  retains  a  portion  of  the  precipitant  alkali,  with  great  perti- 
nacity ;  it  may,  however,  he  completely  freed  from  this  hy  washing 
with  hoiling  water.  Oxide  of  copper,  prepared  hy  the  ignition  of 
isarhonate  or  nitrate  of  copper,  is  a  dark  hrown  or  hlack  powder,  the 
weight  of  which  remains  invariable,  upon  strong  ignition  over 
the  spirit-lamp.  (Experiment  No.  44.)  The  same  powder  is  pro- 
duced by  igniting  the  oxide  of  copper  prepared  in  the  humid 
way.  But  if  the  oxide  of  copper  (no  matter  whether  prepared  in 
the  dry  or  humid  way)  is  exposed  to  a  heat  approaching  the  fusing 
point  of  metallic  copper,  it  fuses,  yields  up  oxygen,  and  becomes 
converted  into  CUf  O,.  (Favre  and  Maumen6.)  Ignition  in 
contact  with  charcoal  succeeds  very  readily  in  reducing  it ;  heated 
in  the  air,  the  metallic  copper  obtained,  re-oxidizes.  Oxide  of 
copper,  in  contact  with  the  atmosphere,  absorbs  water ;  oxide  that 
has  been  but  feebly  ignited,  absorbs  the  water  more  rapidly  than 
such  as  has  been  strongly  ignited.  (Experiment  No.  45.)  Oxide 
of  copper  is  nearly  insoluble  in  water,  but  it  dissolves  readily  in 
hydrochloric  acid,  nitric  acid,  etc.  ;  it  dissolves  less  readily  in  am- 
jponia.     It  is  indifferent  to  vegetable  colors. 


COMPOSITION. 
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b.  Sulphuret  of  copper,  prepared  in  the  humid  way,  is  a 
dark  brown  or  black  precipitate,  insoluble  in  water;  when  this 
precipitate,  in  a  moist  state,  is  exposed  to  the  air,  it  acquires  a 
greenish  tint,  and  the  property  of  reddening  litmus  paper,  and 
becomes  gradually  altogether  converted  into  sulphate  of  copper. 
Sulphuret  of  copper  dissolves  readily  in  boiling  nitric  acid,  with 
separation  of  sulphur.  Hydrochloric  acid  dissolves  it  with  diffi- 
culty. It  does  not  dissolve  in  solution  of  potass  and  of  sulphuret 
of  potassium,  especially  if  these  solutions  be  boiling ;  but  it  die- 
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solves  perceptibly  in  sulphoret    of  ammonium  and  readily  in 
cyanide  of  potassium. 

c.  Coppery  in  its  pure  state,  is  a  metal  of  a  peculiar  reddish- 
brown  color ;  it  requires  a  white  heat  for  its  fusion.  Copper  does 
not  alter  when  exposed  to  dry  air,  or  even  to  moist  air,  provided 
the  air  be  free  from  carbonic  acid ;  but  when  exposed  to  moist 
air,  impregnated  with  carbonic  acid,  it  gets  gradually  tarnished 
and  coated  with  a  film,  at  first  of  a  dark  grey,  and  finally  of  a 
blue-green  color.  When  ignited  in  the  air,  it  becomes  covered 
with  a  stratum  of  black  oxide.  It  does  not  dissolve  in  hydro- 
chloric acid,  not  even  upon  boiling,  if  the  air  is  excluded,  but  it 
dissolves  slowly  in  this  acid,  if  the  air  is  freely  admitted.  It 
dissolves  readily  in  nitric  acid ;  it  does  not  dissolve  in  ammonia, 
if  the  air  is  excluded,  but,  with  free  access  of  air,  it  dissolves 
slowly  in  this  substance.  Metallic  copper,  brought  into  contact 
with  solution  of  chloride  of  copper,  in  hydrochloric  acid,  or  with 
solution  of  oxide  of  copper  in  ammonia,  converts  the  chloride 
into. sub-chloride,  and  the  black  oxide  into  the  red  oxide,  (sub- 
oxide,) one  equivalent  of  metal  being  dissolved  for  every  equiva- 
lent of  chloride  or  of  oxide. 

§  60. 

6.   PROTOXIDE    OF  BISMUTH. 

Bismuth  is  invariably  weighed  in  the  form  of  protoxide. 
Besides  this,  we  have  to  examine  the  basic  carbonate  and  the 
sulphuret  of  bismuth. 

a.  Protoxide  of  bismuth,  prepared  by  igniting  the  carbonate 
or  nitrate  of  this  metal,  is  a  pale  lemon-yellow  powder  which, 
when  heated,  assumes  transiently  a  darker  yellow  or  red-brown 
tint.  When  heated  to  intense  redness,  it  fiises  without  any 
alteration  in  its  weight.  Ignition  in  contact  with  charcoal,  or  in 
a  stream  of  carbonic  oxide  gas,  reduces  it  to  the  metallic  state. 
It   is    insoluble  in  water,  and  indi£ferent  to  vegetable   colors. 
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It  diasolves   readily  in  those  acids  which  form  soluble  salts 
with  it. 

COMPOSITION. 
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b.  Carbonate  of  bismuth. — Upon  adding  carbonate  of  ammonia 
in  excess  to  the  solution  of  a  salt  of  bismuth,  free  from  hydro- 
chloric acid,  a  white  precipitate  of  carbonate  of  bismuth  (Bi  O, 
CO  a)  is  immediately  formed;  part  of  this  precipitate,  however, 
redissolves  in  the  excess  of  the  precipitant.  But  if  the  fluid  witli 
the  precipitate  be  heated  previously  to  filtration,  the  filtrate  will 
be  perfectly  firee  from  any  trace  of  bismath.  Carbonate  of  potass 
likewise  precipitates  solution  of  salts  of  bismuth  completely ;  but 
the  precipitate  in  this  case  invariably  contains  traces  of  potass, 
which  it  is  very  difficult  to  remove  by  washing.  Carbonate  of 
soda  fails  to  precipitate  solutions  of  salts  of  bismuth  as  com- 
pletely as  the  carbonate  of  ammonia  and  that  of  potass; — the 
precipitate  is  readily  washed ;  it  is  nearly  insoluble  in  water,  but 
dissolves  readily  with  efiervescence,  in  hydrochloric  acid  and  nitric 
acid.  Upon  ignition  it  loses  its  carbonic  acid,  leaving  protoxide 
of  bismuth  behind. 

c.  Sulphuret  of  bismuth,  prepared  in  the  humid  way,  is  a 
dark  brown  or  black  precipitate,  insoluble  in  water,  dilute  adds, 
alkalies,  alkaline  sulphurets,  and  cyanide  of  potassium.  In  mo- 
derately concentrated  nitric  acid  it  dissolves,  at  a  high  tempera* 
ture,  as  a  nitrate,  with  separation  of  sulphur.  It  is  unalterable 
in  the  air,  and  may  be  dried  at  212^,  without  undergoing  any 
change. 

COMPOSITION. 
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§    61. 
1.   OXIDE   OF   CADMIUM. 

Cadmium  is  weighed  either  as  oxide  or  as  bulphuret  of  cad- 
mium. Besides  these^  we  have  to  examine  cabbonate  of  cad- 
mium. 

a.  Oxide  of  cadmium,  produced  hy  ignitiug  the  carbonate  or 
nitrate  of  cadmium,  is  a  powder,  the  color  of  which  varies 
from  a  yellow  brown  to  a  red  brown.  The  application  of  a 
white  heat  fails  to  fuse,  to  yolatilize,  or  to  decompose  it ;  it  is 
insoluble  in  water,  but  dissolves  readily  in  acids;  it  does  not 
alter  vegetable  colors.  When  ignited  in  contact  with  charcoal,  it 
is  readily  reduced,  and  the  metallic  cadmium  escapes  in  the  form 
of  vapor. 

composition. 
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h.  Carbonate  of  cadmium  is  a  white  precipitate,  insoluble 
in  water  and  in  the  fixed  carbonated  alkalies,  and  extremely 
sparingly  soluble  in  carbonate  of  ammonia.  It  loses  its  water 
completely  upon  exsiccation.  Ignition  converts  it  into  oxide  of 
cadmium. 

c.  Bulphuret  of  cadmium,  produced  in  the  humid  way,  ^  is 
a  lemon  yellow,  or  orange  yellow  precipitate,  insoluble  in 
water,  dilute  aeids,  alkalies,  alkaline  sulphurets,  and  cyanide  of 
potassium,  (Experiment  No.  46).  It  dissolves  in  concentrated 
hydrochloric  acid,  with  evolution  of  sulphuretted  hydrogen,  and 
in  moderately  concentrated  hot  nitric  acid,  with  separation  of 
dulphur.  It  may  be  dried  at  212^,  without  undergoing  decom- 
position. 
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METALLIC   OXIDES   OF  THE    SIXTH   GROUP. 

§    02. 
1.    PEROXIDE   OF   GOLD. 

Gold  is  invariably  weighed  in  its  metallic  state ;  besides  metal- 
lic GOLD^  we  have  here  to  consider  sulphuret  of  gold. 

a.  Metallic  gold,  obtained  by  precipitation,  exists  as  a 
blackish  brown  powder,  destitute  of  metallic  lustre,  which  it 
assumes^  however,  when  pressed  or  rubbed ;  when  coherent  in  a 
compact  mass,  it  exhibits  its  characteristic  and  peculiar  high  yel- 
low color.  It  requires  a  white  heat  for  its  fusion.  It  is  wholly 
unalterable  in  the  air  and  at  a  red  heat,  and  is  not  in  the  slightest 
degree  affected  by  water  nor  by  simple  acids.  Aqua  regia  dis- 
solves it  as  a  perchloride. 

b,  Sulphuret  of  gold, — When  sulphuretted  hydrogen  is  trans- 
mitted through  a  dilute  and  cold  solution  of  perchloride  of 
gold,  all  the  gold  separates  as  auric  sulphuret,  (Au  S„)  in  the 
form  of  a  brown  black  precipitate.  If  this  precipitate  be  allowed 
to  continue  in  the  fluid,  it  will  gradually  become  converted  into 
metallic  gold  and  free  sulphuric  acid.  Upon  transmitting  sul- 
phuretted hydrogen  through  a  hot  solution  of  perchloride  of  gold, 
an  aurous  sulphuret  (Au  S)  precipitates,  with  simultaneous 
formation  of  sulphuric  acid  and  of  hydrochloric  acid. 

(2  Au  CI3  +  8  H  S-f  8  H  0=2  AuS  +  6  H  Cl-f-S  O,.) 
The  auric  sulphuret  (Au  Ss)  is  insoluble  in  water,  hydrpchloric 
acid,  and  nitric  acid,  but  dissolves  in  aqua  regia.     It  does  not 
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dissolve  in  the  colorless  hydrosulphuret  of  ammonia,  but  dissolves 
almost  completely  in  the  yellow  sulphuretted  hydrosulphuret  of 
ammonia,  and  completely  upon  the  addition  of  potass;  it  dis- 
solves in  potass  with  separation  of  gold ;  it  dissolves  completely 
in  the  yellow  sulphuret  of  potassium :  it  loses  its  sulphur  at  a 
moderate  heat. 


§  63. 


2.    PEROXIDE   OF   PLATINUM. 

Platinum  is  invariably  weighed  in  its  metallic  state  ;  it  is 
generally  precipitated  as  chloride  of  platinum  and  ammonium, 
or  chloride  of  platinum  and  potassium,  rarely  as  sulphuret 
OF  platinum. 

a.  Metallic  platinum,  produced  by  igniting  the  chloride  of 
platinum  and  ammonium,  or  of  platinum  and  potassium,  exists 
as  a  grey,  lustreless,  porous  mass,  (spongy  platinum).  Pla- 
tinum requires  the  very  highest  degree  of  heat  for  its  fusion ; 
it  is  perfectly  unalterable  in  the  air,  and  in  the  most  intense  heat 
of  our  furnaces.  It  is  wholly  insoluble  in  water  and  simple  acids, 
and  nearly  insoluble  in  solutions  of  the  alkalies.  It  dissolves  in 
aqua  regia  as  a  perchloride. 

*.  With  regard  to  the  properties  of  chloride  of  platinum  and 
potassium,  we  refer  to  §  42  ;  and  for  those  oi  chloride  of  platinum 
and  ammonium,  to  §  44. 

c.  Sulphuret  of  platinum — {Bisulphuret  of  platinum,) — Upon 
mixing  a  concentrated  solution  of  perchloride  of  platinum  with  sul- 
phuretted hydrogen  water,  or  upon  transmitting  sulphuretted  hy- 
drogen gas  through  a  more  dilute  solution  of  the  perchloride,  no 
precipitate  is  formed  at  first ;  after  standing  some  time,  however, 
the  solution  turns  brown,  and  finally  a  precipitate  subsides.  But 
if  the  solution  of  perchloride  of  platinum,  mixed  with  sulphuretted 
hydrogen  in  excess,  is  gradually  heated  to  ebullition,  all  the  platinum 
separates  as  platinic  sulphuret,  (free  from  any  admixture  of  perchlo- 
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ride  of  pladnum) .  The  platinic  sulphoret  (or  bisulphoret  of  plati- 
num) is  insoluble  in  water  and  in  simple  aoids,  but  diaacdvoriin  aqua 
legia.  It  dissolves  partly  in  cauatio  alkalies,  (with  a  separation 
of  platinnm,)  and  completely  in  alkaline  snlphurets.  If  sulphu- 
retted hydrogen  be  transmitted  through  water  holding  minutely 
divided  bisulphuret  of  platinum  in  mechanical  suspension,  the 
bisulphuret,  absorbing  sulphuretted  hydrogen,  will  acquire  a  greyish 
brown  color,  (the  sulphuretted  hydrogen  thus  absorbed,  separates 
again  when  the  bisulphuret  of  platinum  is  exposed  to  the  air). 
When  moist  bisulphuret  of  platinum  is  exposed  to  the  air,  it  is 
gradually  decomposed,  being  converted  into  metallic  platinum 
and  sulphuric  acid.  Bisulphuret  of  platinum,  upon  being  ignited 
in  the  air,  becomes  reduced  to  metallic  platinum. 

§  64. 

4.    OXIDE   OF  ANTIMONY. 

Antimony  is  most  generally  weighed  as  sdlphurbt  of  anti- 
mony, more  rarely  as  antimonious  acid,  or  in  the  bcetaluc 


a.  Upon  transmitting  sulphuiet  of  hydrogen  through  a  solution 
of  perchloride  of  antimony  mixed  with  paratartario  acid,  an 
orange  red  precipitate  of  hydrated  tersulphuret  of  antimony  is 
obtained,  mixed  at  first  with  a  small  portion  of  basic  chloride  of 
antimony.  However,  upon  saturating  the  fluid  completely  with 
sulphuretted  hydrogen,  and  applying  a  gentie  heat,  the  chloride 
of  antimony  admixed  to  the  precipitate  is  decomposed,  and  the 
pure  hydrated^tersulphuret  of  antimony  is  obtained ;  which,  snbse- 
quentiy  loses  its  water  of  hydration  upon  drying.  Sulphuret  of 
antimony  is  insoluble  in  water  and  dilute  acids ;  it  dissolves  in 
concentrated  hydrochloric  add,  with  evolution  of  sulphuretted  hy- 
drogen. Brought  into  contact  with  fuming  nitric  aoid  mixed 
with  a  slight  proportion  of  hydrochloric  acid,  it  oxidizes  with 
much  violence,  and  is  converted  into  sulphate  of  antimony. 
It  dissolves  readily  in  solutions  of  potass,  hydrosulphuret  of  am- 
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monia,  and  emlpimret  of  potaanun,  but  is  only  sparingly  soluble 
in  ammonia.  It  may  be  dried  at  212^,  without  suffering  decom- 
position; when  dried,  it  is  unalterable  in  the  air.  When  ro- 
eentiy  precipitated  solphuret  of  antimony  is  long  boiled  with 
water,  it  becomes  transformed  into  oxide  of  antimony,  which 
dissolYcs  in  the  water,  and  into  sulphuretted  hydrogen.  When 
sulphuret  of  antimony  is  exposed  for  some  time  to  the  air,  water 
being  present,  the  sulphuret  absorbs  oxygen,  and  dissolves  gra- 
dually as  sulphate  of  antimony.  The  higher  sulphurets  of  anti- 
mony corresponding  to  antimonious  and  antimonic  acid,  are  like- 
wise insoluble  in  water;  they  dissolve,  however,  sparingly  in 
water  impregnated  with  sulphuretted  hydrogen. 

COMPOSITION. 

Sb=1612.90 72.89 

83=  600.00  ...:.  27.11 


2212.90  100.00 


b.  Antimonious  acid  is  a  white  powder,  which  when  heated, 
acquires  transiently  a  yellow  tint;  it  is  fixed  and  infusible. 
It  is  barely  soluble  in  water,  and  dissolves  in  hydrochloric  acid 
with  very  great  difSculty.  It  undergoes  no  alteration  by  the 
action  of  hydrosulphuret  of  ammonia.  It  manifests  an  acid  re- 
action when  placed  upon  moist  litmus  paper. 

COMPOSITION. 

Sb  =1612.90 80.13 

4  0—  400.00 19.87 


2012.90  100.00 


c.  Metallic  antimony,  produced  in  the  humid  way,  by  precipi- 
tation»  exists  as  a  lustreless  black  powder.  The  metal  antimony  is 
insoluble  in  water ;  however,  when  it  is  exposed  to  the  action  of 
air,  in  presence  of  water,  it  oxidizes  slowly,  and  the  oxide  formed 
dwolyes  in  the  water  present.    The  powder  of  antimony  may  be 
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dried  at  212°,  without  suffering  any  alteration.  It  fiises  at  a 
moderate  heat.  It  is  hardly  affected  by  even  hoiUng  concen- 
trated hydrochloric  acid.  The  action  of  nitric  acid  converts  it 
into  oxide  of  antimony,  mixed  with  a  greater  or  less  proportion 
of  antimonious  acid,  according  to  the  greater  or  less  degree  of 
concentration  possessed  by  the  oxidizing  acid. 

§  65. 

4.  PROTOXIDE  OF  TIN ;  and  5.  peroxide  of  tin. 

Tin  is  generally  weighed  in  the  form  of  peroxide  ;  besides  the 
peroxide,  we  have  here  to  examine  sqlphuret  and  bisulphuret 

OF  TIN. 

a.  Peroxide  of  tin. — :Hydrated  peroxide  of  tin  is  obtained  in  the 
form  of  a  white  precipitate,  by  tlie  action  of  nitric  acid  upon  metallic 
tin,  or  by  evaporating  a  solution  of  a  salt  of  tin,  with  nitric  acid 
in  excess.  This  precipitate  consists  of  the  insoluble  modification 
of  the  peroxide ;  it  does  not  dissolve  in  water,  nitric  acid,  and 
sulphuric  acid,  and  dissolves  but  sparingly  in  hydrochloric  acid. 
It  reddens  litmus,  even  after  being  completely  washed.  It  is  de- 
prived of  its  hydration  water  by  ignition.  The  peroxide  of  tin 
prepared  by  the  ignition  of  its  hydrate,  is  a  straw-yellow  powder 
which,  when  heated,  transiently  assumes  a  different  tint,  varying 
from  high  yellow  to  brown.  This  powder  is  insoluble  in  water 
and  acids,  and  does  not  alter  the  color  of  litmus  paper. 

COMPOSITION. 

Sn  =735.30 78.62 

2  0=200.00 21.38 


935.30       100.00 


b,  Hydrated  sulphuret  of  tin  is  formed  as  a  brown  precipitate, 
insoluble  in  water,  sulphuretted  hydrogen  water,  and  diluted  acids. 
It  does  not  dissolve  in  ammonia,  but  dissolves  readily — (as 
bisulphuret) — in  the  yellow  sulphuretted  hydrosulphuret  of  am- 
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monium,  and  in  stilplyiret  of  potassiam  ;  it  dissolveB  readily  in 
hot  concentrated  hydrochloric  acid.  Heated,  with  exclusion  of 
air,  it  loses  its  water  of  hydration,  and  becomes  converted  into 
anhydrous  sulphnret  of  tin ;  when  it  is  exposed  to  the  continued 
action  of  a  gentle  heat,  it  becomes  transformed  into  sulphurous 
acid,  which  escapes,  and  peroxide  of  tin,,  which  remains  behind. 

c.  Hydrated  hisulphuret  of  tin  is  produced  as  a  bright  yellow 
precipitate,  which,  upon  drying,  assumes  a  darker  tint.  It  is  inso- 
luble in  water,  but  dissolves  slightly  in  water  impregnated  with 
sulphuretted  hydrogen ;  it  dissolves  with  difficulty  in  ammonia, 
but  readily  in  potass  and  alkaline  sulphurets,  and  Ukewise  in  hot 
concentrated  hydrochloric  acid.  When  heated,  with  exclusion  of 
air,  it  loses  its  water  of  hydration,  and  at  the  same  time,  accord- 
ing to  the  greater  or  less  degree  of  heat  applied,  one-half  or  one 
equivalent  of  sulphur,  becoming  converted  either  into  sesquisul- 
phuret,  or  into  sulphuret  of  tin ;  when  heated  very  slowly,  with 
free  access  of  air,  it  becomes  converted  into  peroxide  of  tin,  whilst 
sulphurous  acid  escapes. 

§  66. 

6.  ausenious  acid  ;   and  7.  arsenic  acid. 

Arsenic  is  weighed  either  in  the  form  of  arseniate  of  lead,  or 
in  that  of  sulfharsenious  acid. 

a.  Arseniate  of  lead,  in  a  pure  state,  is  a  white  powder, 
which  begins  to  agglutinate  into  a  semi-fused  mass,  when  ex- 
posed to  a  gentle  red-heat,  at  the  same  time  transitorily  ac- 
quiring a  yellow  tint ;  it  fiises  when  exposed  to  a  higher  degree  of 
heat.  When  strongly  ignited,  it  suffers  a  slight  diminution  of 
weight,  losing  a  small  proportion  of  arsenic  acid,  which  escapes 
as  arsenious  acid  and  oxygen.  In  analysis  we  have  never  occa- 
sion to  operate  upon  the  pure  arseniate  of  lead,  but  upon  a  mix- 
ture of  it  with  free  oxide  of  lead. 

b,  Sulpharsenious  acid  fortns  a  precipitate  of  a  rich  yellow 
color ;  it  is  insoluble  in  water,  and  but  very  sparingly  soluble  in 

7 


142  CHROMIC   ACID.  [§   67. 

Bulphoretted  hydrogen  water.  When  boi]jMl  with  water,  or  when 
kept  in  contact  with  water  during  several  day8>  it  undergoes  a 
very  superficial  decomposition :  a  trace  of  arsenious  aeid  dissolves 
in  the  water,  and  a  minute  proportion  of  sulphuretted  hydix>gen 
is  disengaged.  This  does  not  interfere,  however,  with  the  WBdi* 
ing  of  the  precipitate.  .The  precipitate  may  be  dried  at  21^, 
without  undergoing  decomposition ;  all  the  water  wUoh  it  con- 
tains is  expelled  at  that  temperature.  When  exposed  to  a  stronger 
degree  of  heat,  sulpharsenious  acid  transitorily  assumes  a  brown 
red  color,  fuses,  and  finally  rises  in  vapor,  without  suffering  do* 
composition.  It  dissolves  readily  in  alkalies  and  alkaline  sul- 
phurets,  and  likewise  in  aqua  regia,  but  it  is  barely  soluble  in 
concentrated  boiling  hydrochloric  acid.  When  acted  upon  by 
red  fuming  nitric  acid,  it  is  transformed  into  arsenic  aeid  and 
sulphuric  acid. 

COMPOSITION. 

As  =988.48 60.95 

8  8=600.00 39.05 


1586.48  100.00 


B.— FORMS  AND  COMBINATIONS,  in  which  INDIVI- 
DUAL ACIDS  ABE  SEPARATED,  FOR  THE  PUR- 
POSE OF  DETERMINING  THEIR  WEIGHT. 

ACIDS  OF  THE  FIRST  GROUP. 
§    67. 

1.  ARSENIOUS  Acm  and  arsenic  acid— -vide  §  66. 

2.   CHROMIC   ACID. 

Chromic  acid  is  weighed  either  in  the  form  of  oxide  of  chro* 
MiuM,  or  in  that  of  chromate  of  lead. 
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a.  Oxide  of  chromium. — ^Vide  §  60  for  the  properties  of  this 
oxide. 

b.  ChromaU  of  lead  forms  a  precipitate  of  an  intensely  yellow 
color ;  this  precipitate  is  insoluble  in  water  and  aoetic  acid^  and 
barely  soluble  in  dilute  nitric  acid,  but  readily  so  in  potass  ley* 
When  chromate  of  lead  is  boiled  with  concentrated  hydrochloric 
acid,  it  is  readily  decomposed,  and  its  elements  transporing  with 
those  of  the  decomposing  add,  chloride  of  lead  and  protochloride 
of  chromium  are  formed.  (Addition  of  alcohcl  tends  to  promote 
this  double  decomposition.)  Chromate  of  lead  is  unalterable  in 
the  air;  it  may  be  dried  perfectly  at  212^.  When  exposed  to  the 
action  of  heat,  it  transitorily  acquires  a  red  brown  tint;  it  fbses 
at  a  red-heat ;  when  heated  beyond  its  point  of  fhsion,  it  loses 
oxygen,  and  becomes  transformed  into  a  mixture  of  oxide  of 
chromium  and  semichromate  of  lead.  When  heated  in  contact 
with  organic  substances,  it  readily  yields  up  oxygen  to  the 
latter. 

COMPOSITION. 

PbO  =1894.50 68.16 

Cr  0,=  661.82 81.86 

2046.82  100.00 


8.   SULPHURIC  Acm. 

Sulphuric  acid  is  uniformly  determined  in  the  form  of  bulphatx 
OF  BARYTB6,  for  the  properties  of  which,  yide  §  46. 

4.   PHOSPHORIC  ACID. 

Phosphoric  acid  may  be  weighed  as  phosphate  of  lead,  P7R0« 

PHOSPHATE  OF  KAGNB8IA,  BASIC  PSBPH08PHATE  OF  IRON,    PHOS- 
PHATE and  PYROPHOSPHATE  OF  SILVER. 

a.  The  phosphate  of  lead,  ordinarily  obtained  in  the  course  of 
analysis,  is  not  quite  pure,  but  intermixed  with  firee  oxide  of 
lead.  The  basic  phosphate  of  lead,  (POg,  8  Pb  O,)  when  in  a 
pure  state,  exists  as  a  white  powder,  insoluble  in  water  and  in 


i 


144  PHOSPHORIC   ACID.'  [§    87. 

acetic  acid,  and  equally  so  in  ammonia,  but  readily  soluble  in 
nitric  acid ;  when  exposed  to  the  action  of  heat,  it  fuses  without 
undergoing  decomposition. 

h,  Fyrophosyhate  of  magnesia, — ^Vide  §  48. 

c,  Basic  phosphate  of  peroxide  of  if  on, — ^The  white  or  yel- 
lowish white  precipitate  which  is  thrown  down  from  solutions  of 
phosphoric  acid  upon  the  addition  of  perchloride  of  iron  in  ex- 
cess, in  conjunction  with  that  of  an  alkaline  acetate  is  of  variable 
composition,  and  therefore  unfit  to  serve  for  the  direct  deter- 
minati3n  of  the  phosphoric  acid.  But  when  a  solution  containing 
peroxide  of  iron,  and  phosphoric  acid,  the  latter  in  excess,  is  acted 
upon  by  an  acetated  alkali,  a  precipitate  of  constant  composition 
is  formed,  exhibiting  the  same  outward  appearance  with  that 
obtained  in  the  former  instance.  The  composition  of  this  preci* 
pitate,  after  ignition,  is 

2Fe,  03=2000.0 42.78 

8P0,      =2674.6 57.22 


4674.6  100.00 


This  precipitate  is  insoluble  in  water,  but  readily  soluble  in 
ammonia,  and  likewise  in  acids;  it  is  slightly  soluble  in  per- 
acetate  of  iron.  Upon  boiling  the  latter  solution,  all  the  phos- 
phoric acid  precipitates  as  hyperbasic  phosphate  of  peroxide  of 
irony  in  conjunction  with  the  basic  peracetate  of  iron.  The 
hyperbasic  phosphate  of  peroxide  of  iron  is  invariably  obtained 
(mixed  with  free  hydrated  peroxide  of  iron)  when  a  solution 
containing  phosphoric  acid  and  peroxide  of  iron,  the  latter  in 
excess,  is  precipitated  with  ammonia.  This  precipitate  is  wholly 
insoluble  in  water,  and  in  ammonia. 

d.  Tri- basic  phosphate  of  silver  is  a  powder  of  a  rich  yellow 
color;  it  is  insoluble  in  water,  but  readily  soluble  in  nitric 
acid,  and  likewise  in  ammonia ; — it  is  of  difiBcult  solubility  in 
amznoniacal  salts.     It  is  unalterable  in  the  air.     When  ignited, 
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it  acquires  transitorily  a  red-brown  color ;  when  strongly  ignited, 
it  fuses  without  decomposition. 

COMPOSITION. 

3  Ag  0=4347.03  ....  82.99 
PO,     =  891.65  ....  17.01 


5238.68  100.00 


e.  Pyrophosphate  of  silver  is  a  white  powder,  unalterable  and 
insoluble  in  water,  even  upon  ebullition,  but  readily  soluble  in 
ammonia,  and  likewise  in  nitric  acid.  It  is  unalterable  in  the  air ; 
at  a  heat,  below  ignition,  it  fuses  without  decomposition,  forming 
a  liquid  of  a  dark  brown  color,  which,  upon  cooling,  solidifies  into 
a  white  radiated  mass. 

COMPOSITION. 

2  Ag  0=2898.02  ....  70.48 
PO5    =  891.66  ....  28.52 


3789.67  100.00 


5.  BORACIC   ACID. 

Boracic  acid  is  usually  determined  in  an  indirect  way. 
Borate  of  lead  is  the  only  form  which  interests  us  here. 

Borate  of  lead,  in  a  pure  state,  is  a  white  powder,  of  difficult 
solubility  in  water.  Exposed  to  the  action  of  heat,  it  fuses  into 
a  clear  glass,  without  suffering  decomposition.  In  the  course  of 
analysis,  borate  of  lead  is  never  obtained  in  a  pure  state,  but 
invariably  mixed  with  oxide  of  lead. 

6.  OXALIC  ACID. 

Oxalic  acid  is  usually  precipitated  in  the  form  of  oxalate  of 
LIME,  and  its  proportion  is  generally  inferred  from  the  carbonate 
of  lime  remaining  when  the  oxalate  is  heated  to  incipient  redness, 
by  a  spirit-lamp.  For  the  properties  of  oxalate  of  lime  and  of 
carbonate  of  lime,  vide  §  47. 
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7.   HYDROFLUORIC   ACID. 

The  direct  estimation  of  hydrofluoric  acid  is  uniformly  effected 
by  weighing  the  fluoride  of  calcium. 

Fluoride  of  calcium  forms  a  gelatinous  precipitate,  difficult  of 
edulcoration.  If  it  is  digested  with  ammonia^  previously  to  filtra- 
tion, it  beoomes  more  dense  and  less  gelatinous.  It  is  wholly 
insoluble  in  water,  and  likewise  in  aqueous  solutions  of  the  alka- 
lies ;  it  is  barely  soluble  in  dilute,  but  more  readily  in  concen- 
trated hydrochloric  acid.  When  acted  upon  by  sulphuric  acid, 
it  is  decomposed,  and,  its  elements  transposing  with  those  of  the 
decomposing  acid,  gypsum  and  hydrofluoric  acid  are  formed. 
Fluoride  of  calcium  is  unalterable  in  the  air  and  at  a  red  heat ; 
it  fuses  at  a  very  intense  red  heat. 

COMPOSITION. 

Ca=250.0  ....  51.48 
Fl  =235.7  ....  48.52 


485.7  100.00 


8.   CARBONIC  ACID. 

The  direct  estimation  of  carbonic  acid  is  usually  effected  by 
weighing  the  carbonate  of  lime.  For  the  properties  of  this  sub- 
stance, vide  §  47. 

9.    SILICIC  ACID. 

Silicic  acid  is  uniformly  weighed  in  its  insoluble  modification. 
The  insoluble  modification  is  artificially  prepared  by  evaporating 
a  solution  of  the  soluble  modification  of  silicic  acid  in  water  or 
in  any  volatile  acid,  (with  the  exception  of  hydrofluoric  acid) ; 
in  this  process  we  obtain,  at  first,  the  silicic  acid  as  a  gelatinous 
hydrate,  which,  upon  further  evaporation  to  dryness  and  sub- 
sequent exsiccation,  loses  its  water  of  hydration,  and  becomes 
converted  into  the  insoluble  modification.  This  forms  a  white 
powder,  insoluble  in  water  and  in  acids ;  it  is  soluble  in  potass 
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ley,  and  likewise  in  eolations  of  the  fizedo  arbonated  alkalies.  It 
is  perfectly  unalterable  in  the  air  and  at  a  red  heat,  and  requires 
the  very  highest  degree  of  heat  for  its  fusion.  It  does  not  alter 
vegetable  colors. 

COMFOSmON. 

Si  =184.88  ....  48.03 
)IJ  0=200.00  ....  51.97 


384.88  100.00 

ACIDS  OF  THE   SECOND   OROUP. 
§    68. 

1.  HYDROCHLORIC   ACID. 

Hydrochloric  acid  is  almost  uniformly  determined  in  the  form 
of  CHLORIDE  OP  SILVER.  For  the  properties  of  this  substance, 
vide  §  M. 

2.  HTDROBROMIC   ACID. 

Hydrobromic  acid  is  uniformly  determined  as  bromide  of 
silver. 

Bromide  of  silver,  prepared  in  the  humid  way,  is  a  yel- 
lowish-white precipitate;  it  is  wholly  insoluble  in  water  and 
in  nitric  acid,  but  tolerably  soluble  in  ammonia ;  it  dissolves  in 
hot  solution  of  sal  ammoniac,  but  very  sparingly  in  solution  of 
nitrate  of  ammonia.  When  acted  upon  by  chlorine,  no  matter 
whether  in  the  dry  or  in  the  humid  way,  it  is  decomposed, 
chloride  of  silver  is  formed,  and  bromine  separated.  Exposed  to 
light,  it  turns  gradually  grey,  and  finally  black.  Exposed  to  the 
action  of  heat,  it  fuses  into  a  fluid  of  a  reddish  color  which,  upon 
cooling,  solidifies,  forming  a  yellow  mass  of  horn-like  appearance. 

L  2 
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When  brought  into  contact  with  zinc  and  water,  bromide  of 
ailver  is  decomposed ;  a  spongy  mass  of  metallic  silver  subsides, 
and  the  solution  contains  protobromide  of  zinc. 

COMPOSITION. 

Ag=1849.01  ....  57.44 
Br=  999.68  ....  42.66 


2848.64  100.00 


8.   HTDRIODIC  ACID. 

Hydriodio  acid  is  usually  determined  in  the  form  of  iodide  of 
SILVER,  and  sometimes  in  that  of  protiodide  of  palladium. 

a.  Iodide  of  silver,  produced  in  the  humid  way,  is  a  bright 
yellow  precipitate,  insoluble  in  water  and  in  dilute  nitric  acid, 
and  barely  soluble  in  ammonia.  It  is  decomposed  by  chlorine, 
both  in  the  dry  and  in  the  humid  way.  Hot  concentrated  nitric 
and  sulphuric  acid  convert  it,  but  with  di£G[culty,  into  the  cor- 
responding nitrate  and  sulphate  of  silver,  with  expulsion  of  the 
iodine.  Iodide  of  silver  acquires  a'black  color  when  exposed  to 
light.  When  heated,  it  fuses  without  decomposition  into  a  red- 
dish fluid  which,  upon  cooling,  solidifies,  forming  a  yellow  mass 
that  may  be  cut  with  a  knife.  When  brought  into  contact  with 
zinc  and  water,  it  is  decomposed ;  protiodide  of  zinc  is  formed, 
and  metallic  silver  separates. 

composition. 
Ags=1849.01    ....  46.96 
I    =1686.67       .  .  .  64.04 


2984.68  100.00 


i.  The  protiodide  of  palladium,  produced  by  precipitating 
solution  of  the  iodide  of  one  of  the  alkali  metals,  with  proto- 
chloride  of  palladium,  is  a  deep  brown-black  flocculent  mass. 
This  precipitate  does  not  dissolve  in  water ;  it  is  slightly  solu- 
ble in  saline  solutions,    (solution  of  chloride  of  sodium,  chlo- 
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ride  of  magnesium,  chloride  of  calciam,  Sec,,)  it  is  insoluble  in 
dilute  hydrochloric  acid.  It  is  unalterable  in  the  air;  when 
dried  simply  in  the  air,  it  contains  1  equivalent  of  water»=505  per 
cent.  Dried  at  a  high  temperature,  (168°  to  176°)  or  in  vacuo, 
it  loses  this  water  completely,  without  suffering  any  loss  of 
iodine.  Dried  at  212°,  a  trace  of  iodine  escapes,  and  finally  if 
the  precipitate  of  protiodide  of  palladium  is  exposed  to  a  heat  of 
from  672®  to  762®,  all  its  iodine  is  completely  expelled.  It  may 
be  washed  with  hot  water  without  losing  its  iodine. 

COMPOSITION. 

Pd=  662.64  ....  29.47 
I  =1686.67  ....  70.63 


2248.11      100.00 


4.   HYDROCYANIC  ACID. 

The  direct  estimation  of  this  add  is  uniformly  effected  by 
weighing  the  cyanide  of  silver.  For  the  properties  of  this 
substance,  vide  §  66. 

6.   HYDROSULPHURIC  ACID. 

Sulphuretted  hydrogen. 
The  forms  into  which  sulphuretted  hydrogen,  or  the  sulphur 
in  metaUic  sulphurets,  are  converted  for  the  purpose  of  quantita- 
tive estimation,   are  sulpharsenious  acid,  and  sulphate    of 

BARYTES. 

a.  Sulpharsenious  acid,  vide  ^66. 

b.  Sulphate  ofBarytes,  vide  §  46. 


ACIDS   OF  the   third   GROUP. 


§  69. 
1.  NITRIC  ACID,  and  2.  chloric  acid. 
These  two  acids  are  determined  invariably  in  an  indirect  way. 
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We  have  had  occasion  already,  in  the  preceding  paragraphs,  to 
treat  of  those  compounds  which  serve  for  their  indirect  quantita- 
tive estimation. 


SECTION  IV. 


In  the  preceding  section,  we  have  examined  the  composition  and 
properties  of  the  various  appropriate  forms  and  combinations  in 
which  substances  are  to  be  separated  &om  others,  or  into  which 
they  are  to  be  converted,  for  the  purpose  of  determining  their 
absolute  and  relative  weight  and  proportion.  We  have  now  to 
consider  the  means  of  converting  substances  into  these  appropriate 
forms  and  combinations. 

For  the  sake  of  greater  clearness  and  simplicity,  we  will  divide 
this  part  of  the  work  into  two  sections,  confining  ourselves,  in 
the  first,  to  the  exposition  of  the  various  methods  applied  to 
effect  the  quantitative  estimation  of  substances,  and  deferring 
to  the  next  section  the  consideration  of  the  means  best  adapted 
for  the  separation  o/ substances /rom  one  another. 

QUANTITATIVE  DETERMINATION  OF  SUBSTANCES. 

§  70. 

We  have  to  deal  here  exclusively  with  compounds  consisting 
of  one  base  and  one  acid,  or  of  one  metal  and  one  metalloid. 

In  the  quantitative  estimation  of  substances,  we  have  to  study 
two  points,  viz.,  first,  the  most  appropriate  manner  of  dissolving 
the  analysed  substance,  either  in  its  isolated  state,  or  in  its 
various  combinations, — its  solution  ;  and  secondly,  the  methods 
best  adapted  to  convert  the  analysed  substance  into  a  ponderable 
form, — ^its  actual  determination  of  weight. 
7 
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With  regard  to  the  latter  point,  we  have  to  turn  our  attention  to 
the  practical  performance  of  the  seyeral  processes  and  operations 
constituting  the  special  method  or  methods  applied  in  every 
individual  case,  and  second,  to  the  greater  or  less  degree  of  cor» 
redness  of  the  several  methods  applied. 

It  happens  very  rarely  in  quantitative  analyses  that  the  amount 
of  a  substance,  as  determined  by  the  analytical  process,  cor- 
responds exactly  with  the  amount  theoretically  calculated. 

The  cause  of  this  almost  invariably  occurring  discrepancy 
between  the  proportion  calculated  and  that  actually  found,  is  to 
be  ascribed  either  exclusively  to  certain  unavoidable  defects 
inherent  in  the  execution  of  the  necessary  processes  and  opera- 
tionSf  or  it  hes  partly  likewise  in  the  method  itself. 

With  regard  to  the  execution  of  the  analytical  processes  and 
operations,  this  can  never  be  absolutely  accurate,  even  though 
the  greatest  care  and  attention  be  bestowed  on  the  most  trifling 
minutiffi.  To  account  for  this,  we  need  only  bear  in  mind 
that  our  weights  are  never  absolutely  correct,  nor  our  balances 
absolutely  accurate,  nor  our  reagents  absolutely  pure,  and  more- 
over, that  we  do  not  weigh  in  vacuo,  and  that,  even  if  we  infer 
the  weight  we  might  expect  to  obtain  by  weighing  in  vacuo,  from 
the  weight  we  actually  obtain  by  weighing  in  the  air,  we  can 
only  approximate,  but  never  attain  absolutely  accurate  figures ; 
that  the  hygroscopic  state  of  the  air  is  liable  to  vary  between  the 
moment  of  weighing  the  crucible  whilst  empty,  and  that  of 
weighing  the  crucible  after  having  introduced  into  it  the  substance 
to  be  analysed, — ^that  we  know  the  weight  of  the  ashes  of  our 
filters  only  approximately, — that,  upon  the  evaporation  of  many 
fluids,  traces  of  salts  will  volatilize,  which,  in  their  solid  state, 
are  considered  perfectly  fixed, — that  absolute  perfection  cannot 
be  attained  in  the  operation  of  washing  and  rinsing, — ^that  we 
can  never  succeed  in  shielding  the  contents  of  dishes  and  crucibles, 
&c.,  absolutely  against  dust,  &c.  &c. 

With  regard  to  the  methods  themselves,  many  of  them  are  not 
entirely  free  from  certain  unavoidable  sources  of  errorr-freei- 
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pitates  are  not  absolutely  insoluble,  compounds  which  require 
ignition  are  not  absolutely  fixed,  others  which  require  drying 
have  a  slight  tendency  to  evaporize,  &c.,  &c. 

Strictly  speaking,  no  method  can  be  pronounced  absolutely  ficee 
from  defect ;  (let  it  be  borne  in  mind  that  even  sulphate  of  barytes 
is  not  absolutely  insoluble  in  water.) 

We  have  therefore^  in  our  analytical  processes^  invariably  to 
contend  against  certain  sources  of  inaccuracy  which  it  is  impossi- 
ble to  overcome  entirely,  although  our  operations  may  be  con- 
ducted with  the  most  scrupulous  care  and  attention  to  established 
rules.  It  is  evident  that  defects  and  sources  of  error,  will  in  some 
cases  combine  to  render  the  results  less  accurate  than  we  desire 
them  to  be,  whilst  in  other  cases  they  will  compensate  one  another, 
and  thus  enable  us  to  attain  a  higher  degree  of  accuracy.  Owing 
to  this  circumstance,  the  results  may  be  considered  to  waver  be- 
tween two  points  fixed  on  either  side  of  absolute  accuracy.  In  cases 
where  the  method  itself  is  free  from  defects  and  sources  of  error, 
these  points  will  very  closely  approximate  the  medium  point  of  ab- 
solute accuracy  ;  thus,  for  instance,  in  the  quantitative  estimations 
of  chlorine,  a  careful  operator  will  invariably  be  able  to  obtain  be- 
tween 99.9  and  100.1,  instead  of  100  parts  of  chlorine,  as  theore- 
tically calculated. 

Less  perfect  methods  will  exhibit  far  greater  discrepancies ;  thus 
in  the  estimation  of  strontian,  by  means  of  sulphuric  acid,  even 
the  most  attentive  and  skilful  operator  may  not  be  able  to  obtain, 
more  than  99.0,  (and  even  less,)  instead  of  100  parts  ofstrontian, 
as  theoretically  calculated.  When  treating  of  the  several  methods 
individually,  I  shall  take  occasion  to  indicate  in  this  manner 
their  relative  degree  of  accuracy,  as  resulting  from  direct  expe- 
riments. The  figures  used  refer  invariably  to  the  substance  it- 
self, (chlorine,  nitrogen,  barytes,)  and  not  to  the  forms  and  com- 
pounds in  which  these  substances  are  weighed  (chloride  of  silver, 
chloride  of  platinum  and  ammonium,  sulphate  of  barytes). 

If  the  operator  should  happen  to  attain  results  exactly  correspond- 
ing to  those  calculated,  he  is  not  invariably  justified  to  assume  for 
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that  reason,  that  his  operations  have  heen  conducted  with  absolute 
accuracy,  since  it  may  happen  in  the  course  of  the  analytical  pro- 
cess, that  one  error  compensates  another;  thus,  he  may,  at  the 
commencement  of  his  operations,  spill  a  minute  portion  of  the 
substance  to  be  analyzed^  whilst  at  a  later  stage  of  the  process  he 
may  recover  this  loss  by  imperfect  washing  of  the  precipitates.  It 
may  be  laid  down  as  a  general  rule,  that  an  analysis  which  exhi- 
bits a  trifling  loss,  is  more  accurately  and  correctly  performed, 
than  one  which  yields  an  excess  of  substance. 

To  guard  against  inaccurate  results,  I  would  recommend  the 
student  of  quantitative  analysis  to  mark  the  appearance  and  pro- 
perties of  the  weighed  substance,  and  to  compare  them  with  those 
which  this  substance  ought  to  exhibit,  for  which  I  refer  to  the 
preceding  section. 


I.    QUANTITATIVE  ESTIMATION  OF  BASES  IN  COM- 
POUNDS CONTAINING  BUT  ONE  BASE  AND  ONE 
ACID,  OR  ONE  METAL,  AND  ONE  METALLOID. 

FEBST  GROUP. 
POTASS SODA — AMMONIA. 

§  71. 

1.    POTASS. 

a.  Solution. 

Potass  and  those  of  its  salts  with  inorganic  acid,  which  we  shall 
have  to  consider  in  this  place,  are  disolved  in  water,  in  which  men- 
struum they  dissolve  readily,  or,  at  least,  without  any  great  diffi- 
culty. Potass  salts,  with  organic  acids,  are  first  converted  into 
carbonate  of  potass,  by  continued  ignition  in  covered  crucibles. 

J.  Determination  of  weight. 

Potass  is  weighed  either  as  sulphate  of  potass  or  nitrate  of  pot- 
ass,  or  chloride  of  potassium,  or  chloride  of  platinum  and  potas- 
sium. 
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We  may  convert  into 

1.   SULPHATE  OF  POTASS. 

Potass  salts  with  strong  vola- 
tile acids ;  for  instance^  chloride 
of  potassium,  bromide  of  potas- 
sium, nitrate  of  potass,  etc. 


2.   NITRATE  OF  POTASS. 

Caustio  potass,  and  the  com- 
pounds of  potass  with  such  of 
the  weak  volatile  acids  as  are 
decomposed  by  nitric  acid ;  for 
instance,  carbonate  of  potass, 
(potass  salts,  with  organic  acids.) 

4.   CHLORIDE  OF  PLATINUM,  AND 
POTASSIUM. 

4.  Potass  salts  with  such  of 
the  non-volatile  acids  as  are  so- 
luble in  alcohol ;  for  instance, 
phosphate  of  potass,  borate  of 
potass;  and,  also,  in  general, 
all  the   salts    of    potass  with 
acids  soluble  in  alcohol.     The 
form  of  chloride  of  platinum 
and  potassium  is  more  especi- 
ally important  here,  since  it  is 
that  in  which  potass  is  separated 
from  soda,  &c.  &c. 
The  residue  of  carbonate  of  potassium  which  remains  in  the  cru- 
cible upon  the  ignition  of  potass  salts  with  organic  acids,  is  liable 
to  effervescence  in  the  course  of  the  subsequent  processes, — to  avoid 
this  effervescence,  it  is  advisable  to  heat  the  carbonate  with  solu- 
tion of  sal  ammoniac  slightly  in  excess.     Upon  evaporating  this 
mixture  and  igniting  the  residue,  we  obtain  chloride  of  potassium, 
whilst  the  carbonate  of  ammonia  formed,  and  the  excess  of  chlo- 
ride of  ammonium  present,  escape. 

The  potass  in  phosphate  and  borate  of  potass,  may  likewise  be 
estimated  in  the  same  manner  as  the  soda  in  the  corresponding 
salts  of  soda.  (Vide  §  101  and  §  102.) 


3.   CHLORIDE  OF  POTASSIUM. 

In  general,  salts  of  potass 
with  such  of  the  weak  volatile 
acids  as  are  decomposed  by 
nitric  acid,  for  instance,  sulphu- 
ret  of  potassium. 

Likewise,  and  more  especially 
the  sulphate,  chromate,  chlorate, 
and  silicate  of  potass. 
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1.  Determination  a$  sulphate  of  foiass. 

The  aqueous  solution  of  sulphate  of  potass  is  evaporated,  the 
residue  ignited  and  weighed.  {%  22.)  The  residue  should  be  well 
dried  preyiously  to  its  ignition ;  the  heat  applied  for  the  latter 
purpose,  should  be  moderate  at  first,  and  increased  very  gradually ; 
the  cruoible  must  be  carefully  covered — ^if  any  of  these  precau- 
tions be  neglected,  some  loss  of  substance  is  likely  to  arise  firom 
decrepitation.  If  free  sulphuric  acid  is  present,  we  obtain,  upon 
evaporation,  bisulphate  of  potass.  The  excess  of  sulphuric  acid  is, 
in  such  cases,  to  be  removed  by  the  addition  of  bicarbonate  of 
ammonia.    Vide  §  42. 

Properties  of  the  residue.    Vide  §  42. 

This  method,  iS properly  and  carefully  executed^  may  be  consi- 
dered free  from  defects. 

The  most  appropriate  way  of  converting  the  above  (sub.  1), 
enumerated  salts,  (chloride  of  potassium,  bromide  of  potassium, 
etc.,)  into  sulphate  of  potass,  is,  to  add  to  their  aqueous  solution  a 
quantity  of  sulphuric  acid,  more  than  sufficient  to  combine  with  all 
the  potass  present,  to  evaporate  the  mixture,  and  finally,  to  ignite 
the  residue.  Platinum  vessels  should  not  be  used  when  bromide  of 
potassium  and  iodide  of  potassium  are  the  salts  operated  upon. 
The  sulphuric  acid  should  not  be  added  too  greatly  in  excess. 

2.  Determination  of  nitrate  of  potass. 

General  method  the  same  as  described  sub.  1.  Nitrate  of  potass 
should  be  heated  very  gently,  until  it  enters  into  fusion,  or  else 
some  loss  is  likely  to  arise  from  the  evolution  of  oxygen.  Proper- 
ties of  the  residue  §  42.  The  method  is  easy  of  execution,  and 
the  results  obtained  by  it  are  accurate.  §  19  should  be  had  regard 
to  in  the  process  of  converting  carbonate  of  potass  into  nitrate  of 
potass. 

3.  Determination  as  chloride  <f  potassium. 

General  method  the  same  as  described  sub.  1.  Chloride  of  po- 
tassium, like  sulphate  of  potass,  is  to  be  carefully  dried  previously 
to  ignition.  It  should  be  heated  in  well-covered  crucibles,  and 
should  not  be  too  strongly  ignited,  or  else  some  loss  is  likely  to 
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arise  from  evaporation.  No  particnlar  regard  need  be  had  to  the 
presence  of  free  acid.  Properties  of  the  residue,  §  42.  This 
method,  if  properly  and  carefully  executed,  yields  accurate  re- 
sults. 

The  manner  of  converting  the  above  (sub.  8)  specified  potass 
compounds  into  chloride  of  potassium,  mil  be  given  in  Fart  II.  of 
this  section,  when  treating  of  the  corresponding  acids. 

4.  Determination  as  chloride  of  platinum  and  potaesium. 

a.  If  a  volatile  acid  is  present,  such  as  nitric  acid,  acetic  acid^  etc. 
the  solution  is  to  be  mixed  with  hydrochloric  add ;  perchloride  of 
platinum  is  then  to  be  added  in  excess,  and  the  mixture  to  be 
evaporated  nearly  to  dryness,  in  the  water-bath.  The  residue  is 
then  to  be  acted  upon,  for  some  time,  with  spirits  of  wine  of  about 
eighty  per  cent. ;  the  undissolved  chloride  of  platinum  and  potas- 
sium is  finally  to  be  placed  upon  a  weighed  filter,  edulcorated  with 
spirits  of  wine,  dried  at  212°,  and  weighed.     {%  29.) 

p.  If  a  non-volatile  acid  is  present,  such  as  phosphoric  acid  or 
boracic  acid,  the  salt  is  first  to  be  dissolved  in  water,  as  usual, 
taking  care,  however,  to  concentrate  the  solution.  Hydrochloric 
acid,  and  perchloride  of  platinum,  in  excess,  are  then  to  be  added 
to  the  solution,  together  with  a  pretty  considerable  proportion  of 
the  strongest  possible  alcohol ;  the  mixture  is  then  to  be  allowed 
to  stand  at  rest  for  twenty-four  hours,  and  is  subsequently  to  be 
filtered,  etc.,  in  the  same  manner  as  described  sub.  a.  Properties 
of  the  precipitate,  vide  §  42.  The  method,  if  properly  and  care- 
fully executed,  yields  very  satisfactory  results ;  we  meet,  however, 
generally  with  a  trifling  loss,  since  chloride  of  platinum  and  potas- 
sium is  not  absolutely  insoluble  even  in  strong  alcohol. 

§  72. 

2.    SODA. 

a.  Solution 

All  that  has  been  stated  in  this  respect,  as  applying  to  potass, 
(vide  §  71,)  applies  equally  to  soda. 
*.  Determination. 
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Soda  is  determined  either  as  sulphate  of  soda  or  nitrate  of  soda, 
or  as  chloride  of  sodium,  or  as  carbonate  of  soda. 

We  may  convert  into — 

1.   SULPHATE  OF  SODA.      2.   NI- 
TRATE  OF  SODA.         8.    CHLO-  4.    CARBONATE   OF   SODA. 
RIDE   OF   SODIUM. 

In  general  those  salts  of  soda         Caustic  soda,  hicarbonate  of 
which  correspond  to  the  potass     soda,   and   salts  of  soda  with 
salts  specified  under  the  same     organic  acids, 
heads  in  §  71. 

The  proportion  of  soda  in  borate  of  soda,  is  best  estimated  by 
inference  from  sulphate  of  .soda.     (Yide  §  102.) 

The  proportion  of  soda  in  phosphate  of  soda,  is  inferred  from 
chloride  of  sodium.     (Vide  §  101.) 

Soda  salts  with  organic  acids,  are  determined  either  as  chloride 
or  nitrate  of  soda,  like  the  corresponding  salts  of  potass,  or  they 
are  weighed  as  carbonate  of  soda ;  the  latter  method  is  preferable 
with  respect  to  soda — ^but  it  is  less  applicable  to  salts  of  potass. 

1.  Determination  as  sulphate  of  soda. 

The  aqueous  solution  of  sulphate  of  soda  is  to  be  evaporated, 
and  the  residue  to  be  ignited  and  weighed.  (§  22.)  There  is  no 
risk  of  any  loss  by  decrepitation,  as  in  the  ignition  of  sulphate  of 
potass.  Should  free  sulphuric  acid  be  present,  this  is  removed  by 
means  of  carbonate  of  ammonia.  (§  42.)  Properties  of  the  resi- 
due. (Yide  §  43.)  This  method  is  easy  of  execution,  and  yields 
accurate  results. 

2.  Determination  as  nitrate  of  soda. 

Same  method  as  described  sub.  1.  What  has  been  stated 
§  71,2,  applies  equally  here.  Properties  of  the  residue,  vide 
§48). 

8.  Determination  cts  chloride  of  sodium. 

Same  method  as  described  sub.  1.  The  rules  laid  down  §  71-8, 
apply  equally  here.     Properties  oi  the  residue,  vide  §  48. 

The  manner  of  converting  sulphate,  chromate,  chlorate,  and  sili- 
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cate  of  soda  into  chloride  of  sodium,  will  be  given  in  Part  II.  of 
this  section,  when  treating  of  the  corresponding  acids. 

4.  Determination  as  carbonate  of  soda. 

The  aqueous  solution  of  carbonate  of  soda  is  evaporated,  imd 
the  residue  ignited  and  weighed.  The  method  yields  accurate 
results.     Properties  of  the  residue,  vide  §  43. 

Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its 
aqueous  solution  carbonate  of  ammonia  in  excess,  evaporating 
at  a  gentle  heat,  and  igniting  the  residue. 

Bicarbonate  of  soda,  when  dry,  is  converted  into  the  simple 
carbonate  by  ignition.  The  heat  applied  must  be  gentie  at  first, 
and  increased  very  gradually;  the  crucible  must  be  kept  well 
covered.  If  we  have  the  bicarbonate  in  -solution,  this  is  to  be  kept 
for  some  time  in  a  state  of  ebullition,  in  a  flask  or  retort  placed 
obliquely ;  it  is  then  to  be  evaporated  to  drjmess,  and  the  residue 
ignited  as  usual. 

Salts  of  soda  with  organic  acids  are  converted  into  the  carbonate 
by  igniting  them  in  a  platinum  crucible,  which  is  to  be  kept  covered 
at  first ;  after  the  lapse  of  some  time,  however,  the  lid  is  to  be  re- 
moved. A  gentie  heat  is  to  be  applied  at  first,  and  to  be  increased 
very  gradually.  When  the  mass  has  ceased  to  swell  up,  the  crucible 
is  to  be  placed  obliquely  over  the  flame,  with  the  lid  placed  against 
it,  (as  illustrated  Plate  XXIX.  §  82 ;)  and  a  feeble  red-heat  is  to 
be  applied  until  the  charcoal  is  consumed  as  completely  as  possible. 
The  contents  of  the  crucible  are  then  to  be  heated  with  water,  and 
the  fluid  is  to  be  filtered  off  from  the  undissolved  charcoal ;  the 
latter  is  to  be  carefully  washed,  adding  the  rinsing  water  to  the 
filtrate,  which  is  then  to  be  evaporated  to  dryness,  and  the  residue 
ignited.  If  the  proportion  of  charcoal  is  very  inconsiderable, 
(not  exceeding  a  few  milligrammes,)  the  crucible  may  likewise  at 
once  be  weighed  with  its  contents,  after  ignition,  deducting  the 
amount  of  charcoal  from  the  resulting  figure ;  the  charcoal  is  col- 
lected for  this  purpose  upon  a  small,  weighed  filter,  carefully 
dried  with  the  latter,  and  its  weight  ascertained.  Both  metiiods, 
if  properly  and  carefully  executed,   yield   accurate  results.    A 
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direct  experiment  (No.  47)  perfonned  according  to  the  latter  me- 
thod^  yielded  99.7  instead  of  100  parts  of  soda.  If  however^ 
the  amount  of  charcoal  exceeds  from  10  to  20  milligrammes, 
the  former  method  is  preferable^  being  less  liable  to  errors  of 
weighing. 

§  78. 

AMMONIA. 

a.  Solution, 

Ammonia  is  soluble  in  water,  and  so  are  all  the  salts  which  it 
forms  with  those  acids  that  come  under  consideration  here.  It  is 
not  always  requisite,  however,  to  dissolve  the  ammoniacal  salts, 
for  the  purpose  of  determining  the  absolute  and  relative  proportion 
of  ammom'a  contained  in  them. 

h.  Determination. 

Ammonia  is  weighed  either  as  chloride  of  ammonium  or  as 
chloride  of  platinum  and  ammonium.  Into  the  latter  form  it  may 
be  converted,  either  directlp  or  indirectly.  Sometimes  the  pro- 
portion of  ammonia  is  inferred  likewise  from  the  volume  of  nitro- 
gen— ^the  latter  method  is  equally  applicable  to  all  ammoniacal 
salts. 

We  convert  into 

1.   CHLORIDE   OF  AMMONIUM. 

Caustic  ammonia  and  ammoniacal  salts,  with  weak  volatile 
acids,  such  as  carbonate  of  ammonia,  sulphuret  of  ammonium, 
etc.  etc. 

2.   OHLORIDE   OF  PLATINUM  AND  AMMONIUM. 

a.   Directly.  6.  Indirectly. 

Ammoniacal  salts  with  adds  Ammoniacal  salts  with  acids 
soluble  in  alcohol,  such  as  sul-  insoluble  in  alcohol,  or  with 
phate  of  ammonia,  phosphate  acids  that  decompose  alcohol ; 
of  ammonia,  etc.  etc.  e.  g.  chromate  of  ammonia. 

Besides,  in  the  salts  specified  sub.  b.  the  proportion  of  am- 
monia may  be  determined  in  all  other  ammoniacal  salts,  by  con- 
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verting  them  into  chloride  of  platinum  and  ammonium,  in  the 
indirect  way. 

1.  Determination  as  chloride  of  ammonium. 

The  aqueous  solution  of  chloride  of  ammonium  is  evaporated  in 
the  water-hath,  and  the  residue  dried  at  212^,  until  its  weight 
ceases  to  diminish.  {%  22).  This  method  yields  very  accurate 
results.  The  supposed  volatilization  of  sal  ammoniac  is  but  very 
trifling.  A  direct  experiment  (No.  10)  yielded  99.94  instead  of  1 00 
parts  of  ammonia.  The  presence  of  free  hydrochloric  acid  does  not 
render  any  modification  of  the  process  necesstary ;  the  conversion 
of  caustic  ammonia  and  likewise  of  carbonate  of  ammonia  into  chlo- 
ride of  ammonium,  may  therefore  be  effected  simply  by  super- 
saturating with  hydrochloric  acid,  evaporating,  and  drying  the 
residue  at  212°;  if  we  have  carbonate  of  ammonia  to  operate 
upon,  the  process  of  supersaturation,  and  likewise  the  first  stage 
of  evaporation,  are  conducted  in  a  flask  or  retort  placed  obliquely, 
(§  22) ;  the  same  applies  to  sulphuret  of  ammonium,  with  this 
addition,  that  should  sulphur  separate  during  the  process,  the 
supernatant  liquid  must  be  filtered  oflf  firom  this  sulphur,  imme- 
diately after  the  evolution  of  sulphuretted  hydrogen  has  ceased, 
and  before  evaporating  to  dryness. 

2.  Determination  as  chloride  of  platinum  and  ammonium, 

a.  Direct  determination, 
Ammoniacal    salts  with    volatile  acids,    are    converted    into 
chloride  of  platinum  and  ammonium,  by  the  method  described 
§  71,  4  a. ;  salts  with  non- volatile  acids,  by  that  described  §  71, 

These  methods  yield  accurate  results :  to  control  the  accuracy 
of  our  operation,  the  filter  containing  the  double  chloride  may  be 
ignited,  and  the  proportion  of  the  ammonia  inferred  firom  the  re- 
maining platinum.  The  ignition  must  take  place  in  a  covered 
crucible  ;  the  heat  applied  should  be  gentle  at  first,  and  only  very 
gradually  increased.  If  this  operation  is  not  conducted  very 
cautiously,  some  loss  may  arise  &om  some  portion  of  this  double 
chloride  being  carried  away  with  the  vapor  of  sal  ammoniac. 
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The  best  way  is  to  expose  the  covered  crucible  containing  the 
precipitate  wrapped  up  in  the  filter,  to  a  moderate  heat  at  first, 
and  finally  to  consume  the  charcoal  of  the  filter  at  a  gradually 
increased  heat,  taking  care  to  remove  the  lid,  and  to  place  the 
crucible  obUquely.  (H.  Rose.) 

p.  Indirect  determination. 

This  is  executed  in  the  same  manner  as  the  determination  of 
nitrogen  in  organic  compounds  ;  we  refer  therefore  to  §  149. 

8.  Estimation  of  the  ammonia  from  the  volume  of  nitrogen. 
We  refer  to  §  147  and  148. 


SECOND  GROUP  OF  THE    BASES. 

BARYTES — STRONTUN — ZINC — MAGNESIA. 

§   74. 

1.   BARYTES. 

a.  Solution, 

Many  of  the  barytes  salts  are  soluble  in  water,  and  so  is  caustic 
barytes.  Those  of  the  salts  of  barytes  which  are  insoluble  in 
water,  dissolve  readily  in  dilute  hydrochloric  acid,  with  the  ex- 
ception of  sulphate  of  barytes,  which  is  prepared  for  solution  by 
fluxing  with  carbonate  of  %oda  and  potass y  etc.  etc.  Vide  §  100. 

h.   Determination, 

Barytes  is  weighed  either  as  sulphate  or  as  carbonate,  (§  45.) 
It  is  rarely  converted  into  sHico-fluoride  of  barium^  (exclusively 
for  the  purpose  of  separating  it  firom  strontian.     Vide  §  117). 

We  may  convert  into 

1.   SULPHATE   OF  BARYTES. 

a.  By  precipitaU&n,  b.  By  evaporation. 

All  barytes  compounds,  with-  AH  barytes  compounds  with 
out  exception.  volatile  acids,  provided  no  other 

non-volatile  body  be  present. 

M 
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2.  CARBONATE  OF  BARYTES. 

a.  All  barytes  salts  soluble  in  water. 
p.  Salts  of  barytes  mth  organic  acids. 

The  method  of  precipitating  as  sulphate  of  barytes  is  the  most 
frequently  employed,  since  it  is  best  adapted  for  the  sepa- 
ration of  barytes  from  other  bases.  The  method  of  evaporating 
yields  very  accurate  results,  and  is  very  convenient  when  we  have 
to  deal  with  small  portions  of  fluid.  The  conversion  intx)  the 
carbonate  is  resorted  to  only  in  cases  where  the  conversion  into 
the  sulphate  is  inadmissible  or  unadvisable. 

1 .  Determination  as  sulphate  of  barytes. 
a.  By  precipitation. 

The  compound  of  barytes  which  we  have  to  operate  upon,  is  to 
be  dissolved,  according  to  its  nature,  either  in  water  or  in  hydro- 
chloric acid,  in  a  beaker-glass,  taking  care  to  render  the  solution 
moderately  dilute;  the  solution  is  to  be  heated  to  212°,  and 
dilute  sulphuric  acid  added,  as  long  as  the  formation  of  a 
precipitate  continues ;  the  mixture  is  stirred  with  a  glass  rod,  and 
the  fluid  adhering  to  the  rod  is  rinsed  ofl*  into  the  beaker-glass, 
with  a  little  water ;  the  glass  is  then  to  be  covered,  and  allowed 
to  stand  at  rest  until  the  precipitated  sulphate  of  barytes  has 
completely  subsided,  and  the  supernatant  fluid  become  perfectly 
clear,  (this  will  require  about  twelve  hours).  The  fluid  is  then 
cautiously  decanted  into  another  beaker-glass ;  if  it  is  perfectly 
clear,  it  may  be  at  once  thrown  away,  if  not,  it  is  to  be  strained 
through  a  Alter.  The  precipitate  remaining  in  the  first  glass  is 
mixed  with  a  small  portion  of  moderately  diluted  hot  solution  of 
sal  ammoniac,  and  gradually  projected  upon  a  filter,  (in  case 
the  fluid  decanted  at  first  from  off  the  precipitate  has  re- 
quired filtration,  the  same  filter  is  to  be  used,)  taking  care,  after 
the  projection  of  every  fresh  portion  of  the  precipitate,  to  wait 
until  the  fluid  has  completely  drained  off,  and  to  add  a  fresh 
amount  of  hot  solution  of  sal  ammoniac  to  the  precipitate  remain- 
ing in  the  beaker-glass.     If  the  filtering  paper  is  tolerably  good. 
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this  way  of  proceeding  will  separate  the  precipitate  completely 
from  its  menstruum.  The  precipitate  is  washed,  first  with  dilute 
hot  solution  of  sal  ammoniac,  and  finally  with  hot  water,  until 
chloride  of  barium  produces  no  longer  any  turbidity  in  the  wash- 
ing water  which  runs  off  from  the  precipitate.  The  precipitate  is 
then  dried,  and  the  further  process  conducted  as  stated  §  31. 
b.  By  evaporation. 

Sulphuric  acid  in  excess  is  added  to  tlie  solution  of  the  harytes 
compound,  which  it  is  intended  to  determine,  and  the  mixture  is 
evaporated  in  a  weighed  platinum  dish,  in  the  water-hath ;  the 
excess  of  sulphuric  acid  is  then  expelled  in  the  air-bath  or  oil- 
hath,  and  the  residue  is  ignited.  The  sulphuric  acid  used  in  this 
process  must  be  perfectly  pure,  and  should  not  be  added  too 
greatly  in  excess. 

For  the  properties  of  sulphate  of  harytes,  vide  §  45.  Both 
methods,  if  properly  and  carefiiUy  executed,  yield  almost  abso- 
lutely accurate  results. 

2.  Determination  as  carbonate  of  barytes. 

a.  In  solutions. 

The  harytes  salt,  which  it  is  intended  to  convert  into  the  car- 
bonate, is  dissolved  in  water,  in  a  heaker- glass,  and  the  solution 
moderately  dilute  mixed  with  ammonia ;  carbonate  of  ammonia 
is  then  added  in  excess,  and  the  mixture  kept  standing  several 
hours  in  a  moderately  warm  spot ;  the  fluid  is  then  filtered  off  from 
the  precipitate  formed,  the  latter  is  washed  with  water  containing 
some  ammonia  in  admixture,  dried  and  finally  ignited.  (§  81.) 
(Properties  of  the  precipitate,  vide  §  45.)  This  method  is  liable 
to  a  trifling  loss,  since  carbonate  of  barytes  is  not  absolutely 
insoluble  in  water ;  it  is,  however,  more  expeditious  and  conve- 
nient of  execution  than  the  precipitation  with  sulphuric  acid. 
The  direct  experiment.  No.  48,  yielded  09.79  instead  of  100  parts 
of  barytes. 

b.  Barytes  salts  with  organic  acids. 

The  salts  of  barytes  with  organic  acids  are  slowly  heated  in  a 
covered  platinum  crucible,  until  the  escape  of  fumes  ceases ;  the 

M  2 
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crucible  is  then  placed  obliquely,  with  the  lid  placed  against  it, 
(§  32,)  and  a  red  heat  is  applied,  until  all  the  charcoal  is  com- 
pletely consumed,  and  the  residue  has  acquired  a  perfectly  white 
appearance;  the  residue  is  then  moistened  with  a  concentrated 
solution  of  carbonate  of  ammonia,  and  again  subjected  to  the 
action  of  an  evaporation  heat;  it  is  finally  gently  ignited  and 
weighed.  The  results  obtained  by  this  method  are  very  satisfac- 
tory. The  direct  experiment  No.  49  yielded  99.61,  instead  of 
100  parts  of  barytes.  The  loss  of  substance  which  attends  this 
method  almost  constantly,  is  owing  to  portions  of  the  salt  being 
carried  off  in  the  ignition,  and  is  therefore  the  less  considerable 
the  more  slowly  and  gradually  the  heat  is  increased  at  first.  If 
the  operator  neglect  to  moisten  the  residue  with  solution  of  car- 
bonate of  ammonia,  as  directed  above,  he  is  likely  to  incur  a  fur- 
ther loss  of  substance,  since  the  ignition  of  carbonate  of  barytes, 
in  contact  with  charcoal,  gives  rise  to  the  reduction  of  a  portion  of 
that  salt  into  caustic  barytes,  whilst  carbonic  oxide  gas  escapes. 

§  75. 

2. — STRONTIA. 

a.  Solution, 

What  we  said  regarding  barytes,  (§  74,)  applies  equally  to 
strontia. 

b.  Determination. 

Strontia  is  weighed  as  sulphate  or  as  carbonate.  (§  46.) 
We  may  convert  into 

1.   SULPHATE  OF   STRONTIA. 

a.  By  precipitation.  b.  By  evaporation. 

All    compounds  of  strontia         All  compounds    of  strontia 
without  exception.  with  volatile  acids,  provided  no 

other  non-volatile  substance  be 
present. 
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2.  CARBONATE  OF  STRONTIA. 

a   All  those  compounds  of  stronda  which  are  soluble  in 

water. 
p.  Salts  of  strontia  with  organic  acids. 

ITie  method  of  determining  strontia  by  converting  it  into  the 
sulphate  by  precipitation,  yields  accurate  results  only  in  cases 
where  the  fluid  from  which  the  sulphate  is  to  be  precipitated,  ad- 
mits of  being  mixed  with  alcohol.  In  the  contrary  case,  and  if 
the  conversion  into  the  sulphate  by  evaporation  is  inadmissible, 
it  is  preferable  to  convert  into  the  carbonate,  if  we  have  to  operate 
upon  soluble  compounds  of  strontia,  or  upon  salts  of  strontia 
with  organic  acids. 

1.  Determination  as  sulphate  of  strontia. 
a.  By  precipitation. 

The  salt  of  strontia  which  it  is  intended  to  convert  into  the 
sulphate,  is  dissolved  in  a  beaker-glass ;  the  solution  should  not 
be  too  dilute  ;  dilute  sulphuric  acid  is  added  in  excess,  and  beside 
this,  a  quantity  of  alcohol,  at  least  equal  to  the  amount  of  the  fluid 
present.  The  mixture  is  allowed  to  stand  at  rest  for  the  space  of 
several  hours,  and  subsequently  filtered,  washed  with  dilute  spi- 
rits of  wine,  dried,  and  ignited.   (§31.) 

Should  the  particular  circumstances  of  the  case  prevent  the  use 
of  alcohol,  care  is  to  be  taken  to  precipitate  the  fluid  in  a  tolerably 
concentrated  state ;  the  fluid  should,  in  such  cases,  be  allowed  to 
stand  at  rest  for  twelve  hours  in  the  cold,  and  the  precipitate  should 
be  washed  with  cold  water  until  the  rinsing  water  ceases  to  leave  any 
residue  upon  evaporation,  and  to  manifest  an  acid  reaction.  Too 
long  protracted  washing  of  the  precipitate  gives  rise  to  loss  of 
substance.  If  traces  of  free  sulphuric  acid  remain  adhering 
to  the  filter,  the  latter  will  turn  black,  upon  drying,  and  crumble 
into  ashes. 

The  precipitate  is  then  dried  and  ignited,  taking  care  to  get  i^ 
perfectly  dry  before  ignition;  care  should  be  taken,  moreover, 
to  leave  as  little  as  possible  of  the  precipitate  adhering  to  the 
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filter,  or  else  some  loss  of  substance  will  be  incurred ;  this  may 
be  clearly  recognised  by  the  fiher  burning  with  a  carmine  red  flame. 
Properties  of  the  precipitate,  vide  §  46. — ^The  method  yields  very 
accurate  results  in  all  cases  where  tlie  addition  of  alcohol  to  the 
solution  is  admissible ;  but  if  we  have  simply  to  deal  with  an 
aqueous  solution,  some  loss  is  incurred,  since  sulphate  of  stron- 
tia  is  not  absolutely  insoluble  in  water;  the  direct  experiments 
noted  sub.  No.  60,  yielded  only  98.12  and  98.02,  instead  of  J  00 
parts  of  strontian.  This  inaccuracy  may,  however,  in  a  great  mea- 
sure be  remedied,  by  calculating  the  amount  of  sulphate  of  stron- 
tia  dissolved  in  the  filtrate  and  the  rinsing  water,  basing  this  calcu- 
lation upon  the  known  degree  of  solubility  of  sulphate  of  stxontia 
in  acidified  and  in  pure  water.  Vide  Experiment  No.  51,  which 
yielded  99.77  instead  of  100  parts  of  strontia. 
b.  By  evaporation. 

The  same  method  as  described  §  74,  1  b. 

2.  Determination  as  carbonate  of  strontia, 

a.  In  solutions. 

The  same  method  as  described  §  74,  2  a. — Properties  of  the 
precipitate,  vide  §  46. — Tliis  method  yields  very  accurate  results, 
since  carbonate  of  strontia  is  nearly  absolutely  insoluble  in 
water  containing  ammonia  and  carbonate  of  ammonia. — The 
direct  Experiment  No.  62  yielded  99.82  instead  of  100  parts  of 
strontia. 

b.  In  salts  with  organic  acids. 
The  same  method  as  described  §  74,  2  b, 

h  76. 

3.    LIME. 

a.  Solution, 

What  we  stated  with  regard  to  barytes  (§  74)  applies  equally 
to  lime.  Fluoride  of  calcium  is,  by  means  of  sulphuric  acid, 
converted  into  sulphate  of  lime,  and  the  latter,  if  necessary,  is 
further  resolved,  by  fluxing  with  carbonated  alkali. 

b.  Determination, 
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Lime  is  weighed  either  as  sulphate,  or  as  carbonate,    (§  47.) 

1.   SULPHATE   OF  LIME. 

a.  By  precipitation,  h.  By  evaporation. 

All  salts  of  lime,  with  acids         All  salts  of  lime  with  volatile 

soluble  in  alcohol,  provided  no  acids,  provided  no  non-volatile 

other  substances,  insoluble  in  substance  be  present, 
alcohol,  be  present. 

2.   CARBONATE   OF  LIME. 

a.  By  precipitation  with  carbo-  b.  By  precipitation  with  oxa- 
nate  of  ammonia,  late  of  ammonia. 

All  salts  of  lime  soluble  in         All  salts  of  lime  soluble  in 

water.  water  or  in  hydrochloric  acid. 

c.  By  ignition* 
Salts  of  lime  with  organic  acids. 
Of  these  two  methods,  that  sub.  2  6,  is  the  most  frequently 
applied.  This  and  the  method  sub.  1  b,  yield  the  most  accurate 
results.  The  method  sub.  1  a,  is  usually  applied  only  to  separate 
lime  from  other  bases,  and  that  sub.  2  a,  generally  only  in  cases 
where  we  want  to  separate  lime  and  other  alkaline  earths  from 
the  alkalies. 

1.  Determination  as  sulphate  of  lime. 

a.  By  precipitation. 

Dilute  sulphuric  acid  in  excess,  is  added  to  the  solution  of  the 
salt  of  lime,  which  it  is  intended  to  convert  into  the  sulphate — 
(this  is  to  be  done  in  a  beaker-glass)  ;  two  volumes  of  alcohol  are 
then  added  to  the  mixture,  and  the  whole  is  allowed  to  stand  at 
rest  for  several  hours ;  the  fluid  is  then  filtered  off  from  the  preci- 
pitate, and  the  latter  is  washed  completely  with  spirits  of  wine, 
dried  and  ignited.  (§  81.)  Properties  of  the  precipitate,  vide 
§  47.  The  results  are  very  accurate.  The  direct  experiment 
No.  53,  yielded  99.64,  instead  of  100  parts  of  lime. 

b.  By  evaporation. 

The  same  method  as  described  §  74, 1  b. 
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2.  Determination  as  carbonate  of  lime. 

b.  By  precipitation  with  carbonate  of  ammonia. 

The  same  method  as  described  §  74,  2  a.  The  precipitate 
should  be  ignited  very  gently,  but  the  ignition  should  continue 
some  time.  Properties  of  the  precipitate  §  47.  This  method,  if 
properly  executed,  yields  very  accurate  results ;  but  if  the  preci- 
pitate is  washed  with  pure,  instead  of  ammoniated  water,  a  certain 
loss  of  substance  is  incurred  ;  the  direct  experiment  No.  54,  exe- 
cuted in  this  manner,  yielded  99.17,  instead  of  100  parts  of  lime. 

b.  By  precipitation  with  oxalate  of  ammonia. 

c.  The  lime-salt  which  is  to  be  determined  is  soluble  in 
water. 

The  lime  salt  which  it  is  intended  to  convert  into  oxalate  of 
lime,  is  dissolved  in  hot  water,  in  a  beaker-glass,  and  oxalate  of 
ammonia  added  in  excess,  and  moreover,  a  small  portion  of  am- 
monia, so  as  to  impart  an  ammoniacal  smell  to  the  fluid,  the  beaker- 
glass  is  then  covered  and  placed  in  a  warm  spot  until  the  preci- 
pitate has  completely  subsided.  The  precipitate  is  then  placed 
upon  a  filter,  in  the  manner  described  §  74,  1  «,  (sulphate  of 
barytes,) — simply  substituting  hot  water  for  solution  of  sal  ammo- 
niac. Should  it  happen  that  minute  particles  of  the  precipitate 
adhere  so  firmly  to  the  glass  as  to  resist  their  removal  by  mecha- 
nical means,  tbey  must  be  dissolved  in  a  few  drops  of  highly 
dilute  hydrochloric  acid,  and  the  solution  subsequently  precipi- 
tated with  ammonia ;  this  precipitate  is  to  be  added  to  the  principal 
precipitate.  After  having  washed  the  precipitate  carefully,  it  is  to 
be  dried  upon  the  filter  in  the  funnel,  and  subsequently  to  be  intro- 
duced into  a  platinum  crucible  ;  the  filter  is  then  incinerated  upon 
the  lid  of  the  crucible ;  the  lid  with  the  filter  ashes,  is  placed  in- 
verted upon  the  crucible,  and  the  latter  is  exposed  to  a  gentle 
heat,  at  first,  but  which  is  gradually  increased  until  the  bottom  of 
the  crucible  begins  to  glow  faintly ;  the  crucible  is  kept  at  this 
temperature  for  the  space  of  from  ten  to  fifteen  minutes,  and  sub- 
sequently allowed  to  cool ;  it  is  then  weighed.  If  the  whole  of 
the  process  be  properly  and  carefully  executed,  the  results  will 
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prove  exceedingly  accurate;  the  direct  experiment  No.  55  yielded 
99.99,  instead  of  100  parts  of  lime.  To  ascertain  whether  the 
operation  has  been  perfectly  successful,  the  contents  of  the  crucible, 
which  should  appear  white  and  hardly  show  the  slightest  inclina- 
tion to  grey,  are,  after  weighing,  moistened  with  some  water,  and 
.  the  latter  is  tested  with  turmeric-paper.  Should  the  paper  turn 
brown,  a  sign  that  the  heat  applied  was  too  intense,  it  will  be 
necessary  to  correct  the  former  operation  by  throwing  a  small 
fragment  of  pure  carbonate  of  ammonia  into  the  crucible,  evapo- 
rating to  dryness — (best  in  the  water-bath),  igniting  very  gently 
and  weighing  the  residue ;  the  amount  obtained  in  the  second  ope- 
ration will  be  a  trifle  higher  than  that  of  the  first  process;  the  slip 
of  turmeric-paper  that  has  been  used  as  the  test,  must  be  washed 
with  water,  and  the  rinsings  transferred  into  the  crucible. 

For  the  properties  of  the  precipitate  and  residue,  vide  §  47. 

Many  chemists  prefer  collecting  the  oxalate  of  lime  upon  a 
weighed  filter,  to  dry  at  212°,  and  to  weigh  the  dry  precipitate  of 
oxalate  of  lime,  instead  of  converting  it  into  the  carbonate  by  igni- 
tion. The  precipitate  obtained  in  this  manner  is  not,  as  is  often 
erroneously  supposed,  Ca  O,  Cj  Og,  but  Ca  0,  C,  0  +aq.  and 
ought  therefore  to  be  calculated  as  such.  This  method  is  more 
circumstantial  and  less  accurate  in  its  results  than  that  of  con- 
verting the  oxalate  of  lime  into  the  carbonate.  The  direct  expe- 
riment Mo.  56,  yielded  100.45,  instead  of  100  parts  of  lime. 

p.  The  lime-salt  which  is  to  be  determined  is  insoluble  in 
water. 

The  salt  which  it  is  intended  to  convert  into  the  oxalate,  is  dis- 
solved in  dilute  hydrochloric  acid.  If  the  acid  is  of  a  nature  to 
escape  in  this  operation,  such  as  carbonic  acid,  for  instance,  or  of 
a  nature  admitting  of  its  removal  by  evaporation,  such  as  silicic 
acid,  the  process  is,  after  the  removal  of  the  acid,  conducted  as 
described  sub.  a ;  but  if  the  acid  is  of  a  more  stable  nature,  such 
as  phosphoric  acid,  for  instance,  it  is  necessary  first  to  neutralize 
the  free  acid  present,  with  ammonia,  until  a  precipitate  begins  to 
form ;  this  precipitate  is  to  be  redissolved  by  the  addition  of  a  drop 
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of  hydrochloric  acid ;  oxalate  of  ammonia  in  excess  is  added, 
and  finally  acetate  of  potass ;  the  precipitate  formed  is  allowed  to 
subside,  and  the  further  process  conducted  as  sub.  a.  In  this 
operation  the  free  hydrochloric  acid  present  combines  with  the  pot- 
ass and  ammonia  of  the  acetate  and  oxalate^  liberating  a  corre- 
sponding amount  of  acetic  acid  and  oxalic  acid^  in  which  acids 
oxalate  of  lime  is  nearly  insoluble.  Ttiis  method  yields  very  ac- 
curate results.  In  the  direct  experiment,  No.  57,  99.78  parts  of 
lime  were  obtained,  instead  of  100  parts. 

c.  By  ignition.  ♦ 

The  same  method  as  described  §  74,  2  b.  The  residue  remain- 
ing upon  evaporation  with  carbonate  of  ammonia,  should  be 
heated  very  gently.     (It  is  advisable  to  repeat  this  operation.) 

§  77. 
4.   MAGNESIA. 

a.  Solution, 

Many  of  the  compounds  of  magnesia  are  soluble  in  water; 
those  which  are  insoluble  in  that  menstruum,  dissolve  in  hydro- 
chloric acid,  with  the  exception  of  silicates. 

b.  Determination. 

Magnesia  is  weighed  either  2^  sulphate  or  Ka  pyrophosphate,  or 
as  pure  magnesia. 

We  may  convert  in  to — 

1.    SULPHATE   OF   MAGNESIA. 

a.  Directly.  b.  Indirectly. 

All  compounds  of  magnesia  All  those  compounds  of  mag- 
with  volatile  acids,  provided  no  nesia  which  are  soluble  in  water, 
other  non- volatile  substances  be  and  likewise  those  wliich,  inso- 
present.  luble  in  water,  dissolve  in  hy- 

drochloric acid,  with  separation 
of  their  original  acid,  (provided 
no  ammoniacal  salts  be  pre- 
sent.) 
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2.   PYROPHOSPHATE   OF  MAGNESU. 

AJl  compounds  of  magnesia  without  exoeption. 

3.    PURE   MAGNESIA. 

a.  Salts  of  magnesia  with  organic  acids^  or  with  readily 
volatile  inorganic  oxygen  acids. 

b.  Chloride    of  magnesium   and   those   compounds   of 
magnesia  which  admit  of  being  converted  into  this  salt. 

The  direct  determination  as  sulphate  of  magnesia  is  the  best 
in  all  cases  where  it  is  admissible.  The  method  of  indirect 
determination  serves  only  to  separate  magnesia  from  certain  bases^ 
and  its  application  is  had  recourse  to  as  rarely  as  possible.  The 
method  of  converting  into  pyrophosphate  of  magnesia  is  most 
frequently  applied,  especially  also  to  separate  magnesia  from 
other  bases.  The  method  of  reducing  chloride  of  magnesium  to 
pure  magnesia  is  usually  applied  only  to  separate  magnesia  from 
the  fixed  alkalies.  Compounds  of  magnesia  and  phosphoric  acid 
are  analysed  as  ^  101  directs. 

1.  Determination  as  sulphate  of  magnesia, 
a.  Direct  detertnination. 

Dilute  pure  sulphuric  acid  is  added  to  the  solution  of  the  magnesia 
salt  which  it  is  intended  to  convert  into  the  sulphate  ;  the  acid  is 
to  be  added  to  an  amount  more  than  sufficient  to  combine  with 
the  magnesia  present;  the  mixture  (in  a  weighed  platinum  dish) 
is  evaporated  to  dryness  in  the  water-bath;  the  dish  is  then 
covered,  and  cautiously  heated  in  the  air-bath  or  oil-bath  until 
the  excess  of  sulphuric  acid  is  completely  expelled  ;--the  residue 
is  finally  heated  to  gentle  redness  over  a  spirit-lamp,  allowed  to 
cool,  and  weighed.  Should  no  vapors  of  sulphuric  acid  escape, 
upon  heating  in  the  sand-bath,  this  may  be  considered  a  sure 
sign  that  the  acid  has  been  added  in  insufficient  quantity;  in 
such  coses  the  mixture  is  allowed  to  cool,  and  a  fresh  portion  of 
sulphuric  acid  is  added  to  it.  Care  should,  however,  be  taken 
not  to  add  the  acid  too  greatly  in  excess,  since  this  tends  to 
protract  the  process ;  the  residue,  moreover,  should  not  be  ignited 
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too  intensely,  and  should  be  speedily  weighed.  For  the  proper- 
ties of  the  residue,  vide  §  48.  The  results  obtained  by  this 
method  are  very  accurate. 

b.  Indirect  determination. 

The  salt  of  magnesia,  which  it  is  intended  to  determine,  is 
dissolved  in  a  flask;  the  solution  is  heated  to  212^  ;  and 
clear  saturated  water  of  barytes  is  added  in  excess ;  —  the 
temperature  is  maintained  for  some  time  near  the  ebullition 
point ; — the  fluid  is  then  filtered  ofi"  from  the  precipitate,  which 
latter  is  to  be  carefully  washed  with  boihng  water ;  the  precipi- 
tate, after  washing,  is  dissolved  upon  the  filter  by  the  action  of 
hot  and  somewhat  dilute  hydrochloric  acid ;  the  filter  is  carefully 
washed,  and  the  further  operation  is  then  conducted  as  directed, 
sub.  a.  Should  a  precipitate  of  sulphate  of  barytes  form,  upon 
the  addition  of  the  sulphuric  acid,  this  may  be  considered  a  sign 
that  the  carbonic  acid  of  the  air  had  not  been  sufficiently  ex- 
cluded from  contact  with  the  water  of  barytes  during  the  opera- 
tion. In  that  case,  we  may  either  allow  this  precipitate  to  sub- 
side, filter  oif  from  it,  and  evaporate  the  filtrate,  or  we  may  eva- 
porate at  once,  weigh  the  residue,  act  upon  it  with  water,  filter 
the  solution  off"  fi'om  the  undissolved  sulphate  of  barytes,  ascer- 
tain the  weight  of  the  latter,  (§  74,  1  a.,)  and  subtract  this  from  the 
the  original  residue. 

The  result  obtained  by  this  method  falls  somewhat  short  of 
100,  since  hydrated  magnesia  is  not  quite  insoluble  in  water. 
The  method  is,  moreover,  rather  too  complicated  to  yield  perfectly 
accurate  results.     (Compare  §  116  a). 

2.  Determination  a^  pyrophosphate  of  magnesia. 

The  solution  of  the  magnesia  salt,  which  it  is  intended  to 
convert  into  the  pyrophosphate,  is  mixed  with  sal  ammoniac,  and 
ammonia  added  in  excess.  (Should  the  addition  of  ammonia  cause 
any  precipitate,  this  may  be  considered  a  sign  that  a  sufficient 
amount  of  sal  ammoniac  has  not  been  added  ;  a  fresh  amount  of 
this  salt  must  consequently  be  added,  sufficient  to  cause  the 
re-solution    of  the   precipitate  formed.)      The   fluid  is  then   to 
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be  mixed  with  a  soladon  of  phosphate  of  8oda  in  excess,  and  the 
whole  to  be  stirred  with  a  glass  rod,  taking  care  to  avoid  touch- 
ing the  sides  of  the  beaker  glass  with  the  stirring-rod ;  the 
mixture  is  then  allowed  to  stand  at  rest  for  twelve  hours ;  after 
the  lapse  of  that  time,  the  fluid  is  to  be  filtered  off  from  the 
precipitate,  taking  care  to  collect  every  particle  of  the  latter  upon 
the  filter ;  when  the  fluid  has  completely  drained  off,  water  mixed 
with  \  of  solution  of  ammonia,  is  poured  upon  the  precipitate  in 
the  filter,  and  allowed  to  drain  off;  the  same  operation  is  to  be 
repeated  until  the  fluid  running  through  the  filter  ceases  to  leave 
any  residue  when  evaporated  upon  a  platinum  plate. 

The  precipitate  is  to  be  completely  dried  and,  when  dry,  to 
be  introduced  into  a  platinum  crucible  (§  31) ;  the  crucible  is  to 
be  covered  and  heat  applied  ;  this  should  be  very  gentle  at  first ; 
but  should  finally  be  increased  to  intense  ignition.  The  filter, 
out  into  small  slips,  is  incinerated  upon  the  lid  of  the  crucible. 
This  operation  requires  some  patience,  siuce  the  filter  is  dij£cult 
of  combustion.  The  lid  is  then  placed  upon  the  crucible,  and 
the  latter  is  once  more  exposed  to  a  red-heat ;  the  crucible  and 
its  contents  are  finally  allowed  to  cool,  and  their  weight  is  ascer- 
tained. 

For  the  properties  of  the  precipitate  and  residue,  vide  §  48. 

This  method,  if  properly  executed,  yields  exceedingly  accurate 
results.  It  is  indispensable  that  the  washing  water  be  mixed 
with  ammonia. 

The  direct  experiments.  No.  58  a.  and  b,,  yielded  100.14  and 
100.03,  instead  of  100  parts  of  magnesia. 

8.  Determination  of  pure  magnesia, 

a.  In  salts  of  magnesia,  with  organic  acids. 

The  salt  of  magnesia,  which  it  is  intended  to  reduce  to  the 
state  of  pure  magnesia,  is  gently  heated  in  a  covered  platinum 
crucible,  increasing  the  temperature  gradually,  until  the  evolu- 
tion of  empyreumatic  products  ceases ;  the  lid  is  then  removed 
from  the  crucible,  and  the  latter  is  placed  in  an  oblique  position, 
the  lid  leaning  against  it.  (^  32.)     The  crucible  and  its  contents 
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are  then  exposed  to  a  red-heat  until  the  residue  has  acquired  a 
perfectly  white  appearance.  For  the  properties  of  the  residue, 
vide  §  48. 

The  results  obtained  by  this  method  are  the  more  accurate 
the  more  slowly  and  gradually  the  operator  increases  the  gentle 
heat  applied  at  the  commencement  of  the  operation.  Some  loss 
of  substance  is  generally  sustained,  owing  to  minute  traces  of  the 
salt  being  carried  away  with  the  empyreumatic  products.  The 
direct  experiment,  No.  59,  yielded  99.36  instead  of  100  parts  of 
magnesia.  Salts  of  magnesia,  with  readily  volatile  oxygen  acids, 
(carbonic  acid  and  nitric  acid,)  may  be  easily  reduced  to  pure 
magnesia,  by  ignition  in  the  way  just  now  described. 

b.  Conversion  of  chloride  of  metgneaium  into  pure  magnesia. 

The  concentrated  solution  of  chloride  of  magnesium,  in  aporce- 
lain  crucible,  is  to  be  mixed  with  pure  peroxide  of  mercury  in 
such  proportion  that  the  amount  of  oxygen  present  is  more  than 
sufficient  to  convert  the  whole  of  the  chloride  of  magnesium  into 
magnesia ;  this  mixture  is  to  be  evaporated  in  the  water-bath,  and 
well  dried ;  the  crucible  is  to  be  covered,  and  exposed  to  a  red- 
heat  until  the  complete  expulsion  of  the  perchloride  of  mercury 
formed,  together  with  the  excess  of  peroxide  of  mercury.  (The 
operator  should  carefully  guard  against  inhaling  the  vapors  es- 
caping from  the  mixture  during  ignition).  The  residue  consists 
of  pure  magnesia,  which  may  be  either  at  once  weighed  in  the 
crucible,  or  when  the  operation  has  for  its  end  the  separation 
of  magnesia  from  the  alkalies,  is  to  be  collected  upon  a  filter, 
washed  with  hot  water,  dried,  and  ignited.  (§  31)* 


THIRD   GROUP   OF   THE   BASES. 
ALUMINA— OXIDE   OF   CHROMIUM. 

§  78. 

1.    ALUMINA. 

a.  Solution. 

Those  of  the  compounds  of  alumina  which  are  insoluble  in 
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water,  dissolve,  almost  without  exception,  in  hydrochloric  acid. 
Crystallized  alumina  occurring  in  nature,  (sapphire,  ruby,  &c.,) 
and  many  other  alumina  compounds  likewise  occurring  in  nature, 
as  well  as  artificially  prepared,  strongly  ignited  alumina,  require 
fluxion  with  carbonate  of  soda,  caustic  potass,  or  hydrated 
barytes,  as  a  preparatory  step  to  their  solution  in  hydrochloric 
acid.  There  exists  many  other  alumina  compounds  which  are 
more  advantageously  fluxed  with  bisulphate  of  potass.  (Compare 
§  20  g.) 

d.  Determination, 

Alumina  is  invariably  weighed  in  its  pure  state,  §  49.  The 
compounds  of  alumina  may  be  converted  into  pure  alumina, 
either  by  precipitation  in  the  form  of  a  hydrate  and  subsequent 
ignition,  or  by  simple  ignition. 

We  may  change  into 

PURE   ALUMINA. 

a.  By  precnpiiation,  b.  By  ignition. 

All  those  compounds  of*  alu-  cu  All  the  salts  of  alumina 
mina  which  are  soluble  in  water,  with  readily  volatile  acids,  (hy- 
as  well  as  those  of  the  insoluble  drochlorate  of  alumina,  nitrate 
compounds,  the  acid  of  which  is  of  alumina,  &c) 
evolved,  and  removed  upon  their  )3.  All  the  salts  of  alumina 
solution  in  hydrochloric  acid.         with  organic  acids. 

The  methods  sub.  h,  are  applicable  only  in  cases  where  no 
other  fixed  substances  are  present.  With  regard  to  the  estima- 
tion of  alumina  in  its  combinations  with  phosphoric  acid,  boracic 
acid,  silicic  acid,  and  chromic  acid,  we  refer  to  Part  II.  of  this 
section,  where  we  shall  have  to  treat  of  the  estimation  of  these 
acids. 

Detertnination  as  pure  alumina, 

a.  By  precipitation. 

The  alumina  salt,  which  it  is  intended  to  reduce  to  the  state  of 
pure  alumina,  is  to  be  dissolved  in  a  beaker-glass,  and  the  solu- 
tion is  to  be  moderately  diluted ;  a  tolerable  large  proportion  of 
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sal  ammoniac  is  then  to  be  added,  together  with  ammonia  slightly 
in  excess,  and  heat  applied  for  some  time ;  the  fluid  is  then 
filtered  off  from  the  precipitate  formed,  and  the  latter  is  washed 
with  hot  water,  carefally  dried,  ignited,  (§  32,)  and  weighed.  A 
gentle  heat  should  be  applied  at  first,  and  the  crucible  be  kept 
well  covered,  or  else  some  less  is  likely  to  arise  from  the  spitting 
of  the  gelatinous  and  still  slightly  moist  hydrate  of  alumina.  If 
we  have  sulphate  of  alumina  to  operate  upon,  it  is  necessary  to 
dissolve  the  washed  precipitate  in  hydrochloric  acid,  to  re-preci- 
pitate with  ammonia,  and  to  weigh  after  ignition.  If  this  second 
solution  and  re-precipitation  are  not  attended  to,  the  precipitate 
will,  despite  the  most  intense  ignition,  retain  sulphuric  acid. 
For  the  properties  of  the  precipitate  and  residue,  vide  §  49.  The 
method,  if  properly  executed,  yields  very  accurate  results. 

i.  By  ignition, 

a.  Compounds  0/ alumina  with  volatile  acids. 

If  the  compound  to  be  examined  is  in  solution,  this  is  eva- 
porated in  the  water-bath,  and  the  residue  introduced  into  a 
platinum  crucible,  and  exposed  to  a  red-heat,  gentle  at  first,  but 
gradually  increased  to  the  very  highest  degree  of  intensity ;  the 
application  of  this  heat  is  continued  until  the  weight  of  the 
crucible  ceases  to  vary.  If  the  compound  to  be  examined  is  in 
its  solid  state,  it  is  to  be  introduced  at  once  into  the  crucible. 
For  the  properties  of  the  residue,  vide  §  49.  The  purity  of  the 
residue  should  be  carefully  examined.  This  method  is  entirely 
free  from  sources  of  error. 

j3.  Compounds  of  alumina  with  organic  acids* 

The  same  method  as  described  §  77.  8  a. 

§  79. 

2.   OXIDE   OF   CHROMIUM. 

a.  Solution. 

Many  of  the  compounds  of  chromium  are  soluble  in  water. 
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Hydrated  oxide  of  chromiam,  and  most  of  the  salts  of  oxide  of 
chromium  which  are  insoluhle  in  water,  dissolve  in  hydrochloric 
acid.  Ignition  renders  oxide  of  chromium  and  many  of  its  salts 
insoluble  in  acids ;  this  insoluble  modification  of  the  oxide  and 
of  the  salts  in  question  is  to  be  prepared  for  solution  in  hydro- 
chloric acid,  by  fluxing  with  carbonate  of  soda.  (§  20  a.)  A 
small  amount  of  oxide  of  chromium  is  in  this  process  converted 
into  chromic  acid,  owing  to  the  action  of  the  air ;  this  is,  how* 
ever,  reconverted  into  oxide  upon  heating  with  hydrochloric  acid. 
Addition  of  alcohol  promotes  this  reduction  greatly. 

J.  Determination. 

Oxide  of  chromium  is  invariably  weighed  in  its  pure  state. 
(§  50).  The  compounds  of  oxide  of  chromium  are  converted 
into  the  pure  oxide  either  by  precipitation  as  hydrated  oxide  and 
subsequent  ignition,  or  by  direct  ignition. 

We  may  convert  into 

PURE   OXIDE   OP   CHROMIUM 

a.  By  precipitation.  b.  By  direct  ignition. 

All  the  compounds  of  oxide        a.  AU  the  salts  of  oxide  of 
of    chromium   which   are    so-     chromium  widi  volatile  oxygen 
luble    in    water,     as   well   as     acids,  provided  no  non-volatile 
those  of    the    insoluble    com-     substances  be  present, 
pounds,   the  acid  of  which  is        P.  Salts   of  oxide   of  chro- 
liberated     and    removed    upon    mium  with  organic  acids, 
their  solution  in  hydrochloric 
acid. 

For  the  analysis  of  the  compounds  of  oxide  of  chromium  with 
chromic  acid,  phosphoric  acid,  boracic  acid,  and  silicic  acid,  we 
refer  to  the  paragraphs  treating  of  these  acids,  in  the  second  part 
of  this  section. 

Determination  as  oxide  of  chromium, 

(u  By  precipitation. 

The  compound  of  oxide  of  chromium  which  it  is  intended  to 
analyse  is  dissolved  in  the  appropriate  menstruum,  in  a  beaker- 

N 


178  OXIDE   OF  ZINC.  [§   80. 

glass ;  the  solution  should  not  be  too  concentrated.  The  solu- 
tion is  to  be  heated  to  212^  and  ammonia  added  slightly  in 
excess ;  the  mixture  is  then  to  be  exposed,  for  the  space  of 
thirty  minutes,  to  a  temperature  approaching  ebullition;  after 
this,  it  is  to  be  filtered,  edulcorated  ^ith  hot  water,  well  dried, 
and  ignited,  according  to  §  31  or  §  32.  The  heat  should  be 
increased  gradually,  and  the  crucible  kept  covered,  otherwise  some 
loss  is  likely  to  arise  from  the  spitting,  attendant  upon  the  in- 
candescence of  the  oxide  of  chromium  which  marks  the  passing 
of  the  soluble  into  the  insoluble  modification.  Care  should  be 
taken  to  continue  heating  the  precipitated  fluid  until  it  is  per 
fectly  colorless ;  if  this  precaution  be  neglected,  and  the  fluid  be 
filtered  whilst  it  yet  retains  a  reddish  appearance,  a  perceptible 
loss  of  substance  will  be  incurred.  Properties  of  the  precipitate 
and  residue,  vide  §  60.  This  method,  if  properly  executed, 
yields  very  accurate  results. 

h.  By  direct  ignition. 

a.  Salts  of  oxide  of  chromium  with  volatile  acids. 

The  same  method  as  described  §  78  h.  a.  (Alumina). 

/8.  Salts  of  oxide  of  chromium  with  organic  acids. 

The  same  method  as  described  §  77  3  a.  (Magnesia). 


FOURTH   GROUP   OF  THE   BASES. 


OXIDE  OF  ZINC — PROTOXIDE  OF  MANGANESE — PROTOXIDE  OF 
NICKEL — ^PROTOXIDE  OF  COBALT — PROTOXIDE  OF  IRON — PER- 
OXIDE  OF   IRON. 

§  80. 

1.    OXIDE    OF  ZINC. 

a.  Solution. 

Many  of  the  salts  of  zinc  are  soluble  in  water.  Metallic  zinc, 
oxide  of  zinc,  and  the  salts  of  zinc,  which  are  insoluble  in  water, 
dissolve  in  hydrochloric  acid. 
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b.  Determination. 

Oxide  of  zinc  is  invariably  weighed  as  such.  The  conversion 
of  the  salts  of  zinc  into  the  oxide  is  brought  about  either  by 
precipitation  as  carbonate  or  sulphuret  of  zinc,  or  by  direct  igni- 
tion. 

We  may  convert  into 

OXIDE   OF  ZINC. 

a.  By  precipitation  as  car-  b.  By  precipitation  as  sul- 
bonate  of  zinc,  phuret  of  zinc. 

All  the  salts  of  zinc  which  All  compounds  of  zinc  with- 
are  soluble  in  water,  and  all  out  exception, 
those  with  organic  volatile 
acids ;  likewise  those  of  the  in- 
soluble salts,  the  acid  of  which 
is  liberated  and  removed  upon 
their  solution  in  hydrochloric 
acid. 

c.  By  direct  ignition. 

Salts  of  zinc  with  inorganic  volatile  oxygen  acids. 

The  last  method  is  to  be  recommended  only  for  carbonate  of 
zinc  and  nitrate  of  zinc.  Sulphuret  of  zinc  and  sulphate  of  zinc 
(the  former  with  access  of  air)  require  a  white  heat  for  their  com- 
plete conversion  into  the  oxide.  The  method  b.  is  only  applied 
in  cases  where  a.  is  inadmissible.  It  serves  more  especially  to 
separate  oxide  of  zinc  from  other  bases.  Salts  of  zinc  with 
organic  acids  are  not  to  be  converted  into  the  oxide  by  ignition, 
since  this  process  would  cause  a  small  portion  of  the  oxide  to 
become  reduced  to  the  metallic  state,  and  to  be  dissipated  as 
vapor.  If  the  acids  are  volatile,  the  zinc  may  be  determined  at 
once  according  to  method  a. ;  if,  on  the  contrary,  the  acids  are 
non-volatile,  the  zinc  may  either  be  precipitated  as  sulphuret, 
or  the  salt  under  examination  may  be  heated  to  gentle  redness> 
the  residue  extracted  with  nitric  acid,  and  the  solution  treated 
according  to  a.  or  b.     For  the  analysis  of  chromate,  phosphate, 
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borate,  and  silicate  of  zinc,  we  refer  to  the  paragraphs  treating  of 
the  corresponding  acids,  in  the  second  part  of  this  section. 
Determination  as  oxide  of  zinc, 
a.  Bi^  precipitation  as  carbonate  of  zinc. 
The  moderately  dilute  solution  of  the  salt  under  examination 
is  to  he  heated  nearly  to  ebullition  in  a  high   and   capacious 
flask,  carbonate  of  soda  (in  excess)  is  to  be  added  drop  by  drop ; 
the  retort  is  then  placed  in  an  oblique  position,  and  its  contents 
are  heated  to  boiling  for  the  space  of  a  few  minutes ;  the  fluid 
is  then  filtered,  the  precipitate  washed  with  hot  water,  dried,  and 
ignited,  as  directed  at  §  31.     Should  the  solution  contain  am- 
moniacal  salts,  the  ebullition  is  to  be  continued  until,  upon  a 
fresh  addition  of  the  carbonate  of  soda,  the  escaping  vapor  ceases 
to  impart  a  brown  tint  to  turmeric  paper.      The  presence   of 
certain  ammoniacal  salts  renders  it  necessary  to  evaporate  the 
fluid  to  dryness,  by  ebullition  in  the  obliquely-placed  flask ;  it 
is    therefore    in  such    cases    more   convenient    to    precipitate 
the  zinc  as  sulphuret,  (vide  b,)     It  is  always  necessary  to  test 
the   fluid  filtered   off  from   the  precipitated   carbonate   of  zinc 
with  sulphuret  of  ammonium,  to  ascertain  whether  all  the  zinc 
lias  been  precipitated.     The  application  of  this  test  yields  in- 
variably a  slight  precipitate ;  however,  if  the  process  is  properly 
executed  (§51)  this  precipitate  is  so  insignificant  that  it  becomes 
apparent  only  after  the  lapse  of  many  hours,  and  even  then  only 
in  extremely   slight  and  imponderable  flakes,  so  slight  indeed 
that  we  may  utterly  disregard  them  without  impairing  materially 
the  accuracy  of  our  results.      Should   the  precipitate  be  more 
considerable,  it  is  necessary  to  treat  it  as  directed  sub.  b.,  and 
to  add  the  weight  of  the  oxide  of  zinc  obtained  to  that  of  the 
first  precipitate.     (For  the  properties  of  the  precipitate  and  re- 
sidue, vide  §  51).  The  figures  resulting  from  the  application  of  this 
method  are  a  trifle  below  those  found  by  theoretical  calculation  ; 
.this  may  be  owing  to  several  circumstances,  viz.,  the  precipitation 
is  ne^ei  absolutely  complete;  moreover  a  portion  of  the  precipitate 
adhering  to  the  filter  may,  during  ignition,  happen  to  get  re- 
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duced  to  the  metallic  state,  and  to  be  dissipated  as  vapor.  On 
the  other  hand,  it  may  also  occur  that  the  precipitate  is  not  tho- 
roughly washed,  and  this  may  give  rise  to  a  higher  result  in 
figures  than  theoretically  calculated.  In  such  cases  the  residue 
will  be  found  to  possess  an  alkaline  reaction. 

b,  Bi^  precipitation  as  sulphuret  of  zinc. 

Ammonia  is  added  to  the  solution  of  the  salt  under  exami- 
nation, until  the  precipitate  which  forms  at  first  is  re-dissolved ; 
sulphuret  of  ammonium  is  then  added  in  excess,  and  the  precipitate 
which  forms  is  allowed  to  subside ;  the  supernatant  fluid  is  then 
passed  through  the  filter,  and  the  precipitate  is  subsequently 
likewise  placed  upon  the  latter,  and  edulcorated  with  water 
impregnated  with  sulphuret  of  ammonium; — the  filter  whilst 
still  moist  is,  together  with  the  precipitate,  introduced  into  a 
beaker-glass,  and  drenched  with  concentrated  hydrochloric  acid 
slightly  in  excess ;  — ^the  solution  is  placed  on  a  moderately  warm 
spot  until  it  smells  no  longer  of  sulphuretted  hydrogen;  it  is 
then  diluted  with  a  small  portion  of  water,  filtered,  and  the  filter 
carefiiUy  washed  with  hot  water ;  the  solution  of  chloride  of  zinc, 
obtained  in  this  manner,  is  finally  precipitated,  &c.,  as  directed 
sub.  a. 

From  a  solution  of  acetate  of  zinc,  this  metal  may  be  preci- 
pitated completely,  or  very  nearly  so,  by  means  of  sulphuretted 
hydrogen  gas,  even  though  the  acetic  acid  be  present  in  excess, 
provided  always  no  other  acid  be  present.  The  precipitated 
sulphuret  of  zinc  is,  in  this  instance,  washed  with  water,  impreg- 
nated with  sulphuretted  hydrogen,  and,  for  the  rest,  treated 
exactly  like  the  sulphuret  of  zinc,  precipitated  by  means  of 
hydrosulphuret  of  ammonia.  (Compare  experiments^  sub.  No. 
60). 

c.  By  direct  ignition. 

The  salt  to  be  examined  is  introduced  into  a  platinum  crucible ; 
the  latter  is  then  covered  and  exposed  to  a  gentle  heat  at  first, 
which  is  to  be  increased  gradually  to  the  very  highest  degree  of 
intensity,  and  to  be  maintained  until  the  residue  ceases  to  suffer 
the  slightest  diminution  of  weight. 
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§   81. 
1.   PROTOXIDE   OF  MANGANESE. 

a.  Solution. 

Many  of  the  salts  of  the  protoxide  of  manganese  are  soluble  in 
water.  The  pure  protoxide,  as  well  as  those  of  its  salts  which  arc 
insoluble  in  water,  dissolve  in  hydrochloric  acid.  The  higher 
oxides  of  manganese  dissolve  Ukewise  in  this  acid.  Chlorine  is 
evolved  in  this  solution,  and  the  fluid,  after  having  been  subjected 
to  the  application  of  heat,  contains  protochloride  of  manganese. 

b.  Determination. 

Manganese  is  weighed  either  as  protosulphate,  or  as  manga- 
noso'manganic  oxide.  Into  the  latter  form  it  is  converted 
either  by  precipitation  as  hydrated  protoxide,  or,  as  protocarbo- 
nate,  and  subsequent  ignition, — (the  application  of  the  latter 
method  is  in  some  instances  preceded  by  precipitation  as  sulphu- 
ret  of  manganese) — or,  finally,  by  direct  ignition. 

We  may  convert  into 

I.   MANGONOSO-MANGANIC   OXIDE. 

o.  By  precipitation  as  proto-     b.  By  precipitation  as  hydrated 
carbonate  of  manganese.  protoxide  o/ manganese. 

All  the  soluble  salts  of  man-         All  the  compounds  of  man- 
ganese with  inorganic  acids,  and     ganese,  with   the  exception  of 
all  the  salts  with  volatile  organic     its  salts  with   organic  non-vo- 
acids ;  Ukewise,  all  those  of  the     latile  acids, 
insoluble  salts,  the  acid  of  which 
is  liberated  and  removed  upon 
their  solution  in  hydrochloric 
acid. 

c.  By  precipitation  as  sulphu-  d.  By  direct  ignition, 

ret  of  manganese. 

All  compounds  of  manganese         AH  the  oxygen  compounds  of 
without  exception.  manganese ;  salts  of  manganese, 

with  readily  volatile  acids,  and 
likewise  those  with  organic  acids. 


§81.]  PROTOSULPHATE   OF   MANGANESE.  183 


2.    PR0T03ULPHATE    OF   MANGANESE. 

All  the  oxides  of  manganese,  and  likewise  all  its 
salts  with  volatile  acids,  provided  no  non-volatile 
substance  be  present. 
The  method  I  d.  is  the  most  simple  and  accurate,  and  is  there- 
fore preferred  to  all  others,  wherever  it  is  admissible.  The  me- 
thod 2,  is  convenient  and  expeditious,  but  its  results  are  not  abso- 
lutely accurate ;  the  method  1  c.  is  applied  only  in  cases  where  the 
application  of  none  of  the  other  methods  is  admissible.  1  a.  is 
generally  preferred  to  1  b.  in  cases  where  the  choice  is  permitted. 
If  the  solution  of  manganese  contains  sugar  or  any  similar  non- 
volatile organic  substance,  neither  1  a.  nor  1  b.  are  applicable,  and 
recourse  must  be  had  to  1  c.  Frotophosphate  of  manganese  and 
protoborate  of  manganese  are  treated  either  according  to  the  direc- 
tion of  1  d.  or  to  those  of  1  c.  The  proportion  of  manganese  in 
the  silicate  of  this  substance,  is  determined  according  to  the  direc- 
tions given  in  1  a.  after  the  separation  of  the  silicic  acid.  (§  106.) 
Protochromate  of  manganese  is  treated  like  the  corresponding 
salt  of  zinc.  (§  99.) 

1.  Determination  (u  manganoso-tnanganic  oxide, 
a.  By  precipitation  as  protocarbonate  o/ manganese. 

The  solution  of  the  salt  under  examination  is  heated  to  212°, 
and  is  then  mixed  with  carbonate  of  soda  in  excess,  and  the  appli- 
cation of  heat  is  still  continued  for  some  time-^(ebullition  is  not 
necessary) ;  the  fluid  is  then  filtered  off  from  the  precipitate 
formed,  and  the  latter  is  washed,  dried,  and  ignited,  as  directed 
§  32.  The  lid  is  to  be  placed  loose  on  the  crucible,  and  the  heat 
should  be  maintained  at  a  high  degree  of  intensity,  until  the 
weight  of  the  residue  ceases  to  vary,  even  to  the  slightest  extent. 
Should  the  solution  contain  ammoniacal  salts,  it  must  be  preci 
pitated  in  a  flask  in  the  manner  indicated  at  ^  80  a,  (Deter- 
mination of  zinc  by  precipitation  as  carbonate.)     For  the  proper- 
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ties  of  the  precipitate  and  residue,  vide  §  52.  This  method, 
if  properly  execirted,  yields  very  accurate  results. 

b.  B If  precipitation  as  hydrated  protoxide  of  manganese. 
The  method  is  the  same  as  applied  suh.  a,,  with  this  difference, 

that  the  precipitation  is  effected  hy  means  of  solution  of  caustic 
potass  instead  of  carhonate  of  soda.  If  phosphoric  acid  is 
present,  or  boracic  acid,  the  precipitation  is  to  be  effected  in  a 
flask,  and  the  precipitated  fluid  kept  boiling  for  some  time, 
with  an  excess  of  potass,  since  this  will  completely  decompose 
the  protophosphate  or  protoborate  of  manganese.  Properties  of 
the  precipitate,  vide  §  52. 

c.  By  precipitation  as  sulphuret  of  manganese. 

The  solution  of  the  salt  under  examination  is  mixed  with  sal  am- 
moniac, and  subsequently  with  ammonia  until  the  latter  predomi- 
nates ;  the  yellow  sulphuret  of  ammonium  is  then  added  in  excess  ; 
the  precipitate  formed  is  allowed  to  subside,  and  the  supernatant 
fluid  is  passed  through  the  filter  ;  the  precipitate  is  finally  placed 
upon  the  latter,  and  carefully  washed  with  water  containing  a 
small  portion  of  yellow  sulphuret  of  ammonium  in  admixture.  The 
moist  precipitate  and  filter  are  then  introduced  into  a  beaker- 
glass,  and  drenched  with  dilute  hydrochloric  acid ;  the  mixture 
is  heated  until  it  ceases  to  smelly  of  sulphuretted  hydrogen;  the 
solution  is  then  filtered,  and  both  the  filters  are  carefully  washed ; 
the  filtrate  is  precipitated  as  directed  sub.  a. 

d.  By  direct  ignition. 

The  compound  of  manganese  under  examination  is  introduced 
into  a  platinum  crucible,  which  is  kept  closely  covered  and 
exposed  to  a  gentle  heat  at  first ;  subsequently  the  lid  is  taken 
off  and  replaced  loosely  upon  the  crucible,  and  the  latter  is  then 
exposed  to  the  most  intense  heat  until  the  weight  of  the  residue 
ceases  to  vary.  The  conversion  of  the  higher  oxides  of  manga- 
nese into  manganoso-manganic  oxide  requires  a  more  intense 
heat  and  a  more  protracted  application  of  this  than  the  conversion 
of  the  protoxide  and  peroxide.     When  salts  with  organic  acids 
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are  under  examination,  it  is  indispensable  to  ascertain  whether 
all  the  charcoal  has  been  completely  consumed  during  ignition  ; 
should  the  contrary  turn  out  to  be  the  case,  the  residue  should 
be  either  re-dissolved  in  hydrochloric  acid,  and  precipitated,  &c,, 
as  directed  sub.  a.,  or  it  ought  to  be  repeatedly  evaporated  with 
nitric  acid  until  all  the  charcoal  is  oxidized.  This  method,  if 
properly  executed,  yields  very  accurate  results.  The  ignition 
with  salts  of  manganese  with  organic  acids  generally  causes  a 
minute  portion  of  the  salt  to  volatilize ;  the  results  in  such  cases 
are  therefore  not  strictly  accurate. 

2.  Determination  as  protosulphate  of  manganese. 

The  same  method  as  described  §  77,  1.  (Magnesia.)  For  the 
properties  of  the  residue,  vide  §  /32.  Great  care  should  be  taken 
to  ignite  the  residue  very  feebly,  or  else  a  small  portion  of  sul- 
phuric acid  is  likely  to  escape. 

§  82. 

3.    PROTOXIDE    OF   NICKEL. 

a.  Solution. 

Many  of  the  salts  of  protoxide  of  nickel  are  soluble  in  water. 
The  pure  protoxide  and  those  of  its  salts  which  are  insoluble  in 
water,  dissolve,  without  exception,  in  hydrochloric  acid;  me- 
tallic nickel  dissolves  slowly,  with  evolution  of  hydrogen  gas, 
when  heated  with  dilute  hydrochloric  acid  or  sulphuric  acid ;  in 
nitric  acid  it  dissolves  with  great  readiness.  Sulphuret  of  nickel 
is  but  sparingly  soluble  in  hydrochloric  acid,  but  it  dissolves 
readily  in  aqua  regia.  Peroxide  of  nickel  dissolves  as  a  proto- 
chloride  with  evolution  of  chlorine/  when  heated  with  hydrochloric 
acid. 

b.  Determination. 

Protoxide  of  nickel  is  invariably  weighed  as  such.  (§  53.)  The 
compounds  of  nickel  are  converted  into  the  pure  protoxide,  either 
by  precipitation  as  hydrated  protoxide, — preceded,  in  some  in- 
stances, by  precipitation  as  sulphuret  of  nickel, — and  subsequent 
ignition,  or  by  direct  ignition. 
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We  may  convert  into 

PROTOXIDE   OF  NICKEL 

a.  By  precipitation  as  hydrated         b.  By  precipitation  as  sul- 
protoxide  of  nickel,  phuret  of  nickel 

All  the  salts  of  nickel  with  All  compounds  of  nickel 
inorganic  acids  which  are  so-  without  exception, 
luble  in  water,  and  all  the  salts 
with  volatile  organic  acids;  like- 
wise all  those  of  its  insoluble 
salts,  the  acids  of  which  may  be 
removed  upon  their  solution  in 
strong  acids. 

c.   By  direct  ignition. 
The  salts  of  nickel  with  readily  volatile  oxygen  acids, 
or  with  such  of  the  oxygen  acids  as  are  decomposed  at 
a  high  temperature,  (carbonic  acid,   nitric  acid,  &c.) 
and  likewise  those  with  organic  acids. 
The  method  c,  is  preferable  to  all  the  other  methods,  in  all 
cases  where  it  is  applicable,  but  more  especially  for  salts  of  nickel 
with  the  inorganic  acids  indicated.     The  method  a.  is  most  fre- 
quently applied.     Should  sugar  and  other  non-volatile  organic 
substances  be  present,  this  method  is  inapplicable,  and  it  is  ne- 
cessary, therefore,  either  to  destroy  such  admixtures  by  ignition, 
or  to  have  recourse  to  method  h,  which  latter  is  generally  used 
to  separate  nickel  fi'om  other  bases.     For  the  analysis  of  the 
compounds  of  protoxide   of  nickel   with  chromic,    phosphoric, 
boracic,  and  silicic  acid,  we  refer  to  the  paragraphs  treating  of 
acids,  in  the  second  part  of  this  section. 
Determination  as  protoxide  of  nickel, 
a.  By  precipitation  as  hydrated  protoxide  of  nickel. 
The  compound  under  examination  is  dissolved  in  its  appro- 
priate menstruum,  in  a  beaker-glass,  and  pure  solution  of  caustic 
potass  is  added  in  excess ;  the  mixture  is  then  heated  to  a  point 
approaching  ebullition,  the  fluid  is  filtered  ofl*  from  the  precipitate 
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fonned,  and  the  latter  carefully  washed  with  hot  water,  dried,  and 
ignited.  (§  32.)  Presence  of  ammoniacal  salts,  or  of  free  am* 
monia,  does  not  interfere  with  the  precipitation.  For  the  proper- 
ties of  the  precipitate  and  residue,  vide  §  53.  This  method,  if 
properly  executed,  yields  very  accurate  results. 

b.  By  precipitation  as  sulphuret  of  nickel. 

The  moderately  dilute  solution  of  the  compound  under  examina- 
tion is  neutralized  (if  necessary)  with  ammonia,  (the  reaction 
should  be  acid  rather  than  alkaline)  ;  perfectly  saturated  colorless 
hydrosulphuret  of  ammonia  is  then  added,  as  long  as  a  precipi- 
tate continues  to  form,  (the  hydrosulphuret  of  ammonia  should 
not  be  added  too  greatly  in  excess.)  The  mixture  is  then  to  be 
well  stirred,  passed  through  a  moistened  filter,  and  carefully 
washed  with  a  continuous  stream  of  distilled  water,  to  which  one 
or  two  drops  of  perfectly  saturated  colorless  hydrosulphuret  ot 
ammonia  have  been  added.  (The  filtrate  and  the  rinsing  water 
must  be  perfectly  colorless.)  The  precipitate  is  then  dried  in  the 
funnel,  (§  29,)  and  subsequently  transferred  into  a  beaker-glass. 
The  filter  is  incinerated  upon  the  lid  of  a  platinum  or  porcelain 
crucible,  and  its  ashes  are  added  to  the  precipitate.  The  latter  is 
then  drenched  with  concentrated  aqua  regia,  and  digested  at  a 
gentle  heat,  until  all  sulphuret  of  nickel  is  dissolved,  and  the  un- 
dissolved sulphur  appears  of  a  pure  yellow ;  the  fluid  is  then 
diluted,  filtered,  and  precipitated,  &c.,  as  directed  sub.  a.  For 
the  properties  of  the  precipitate,  vide  §  53. — This  method,  if  pro- 
perly executed,  yields  very  accurate  results.  If  instead  of  the 
colorless  hydrosulphuret  of  ammonia,  the  yellow  sulphuret  of  am- 
monium be  used  to  precipitate  the  original  solution  of  the  compound 
of  nickel  under  examination,  or  if  this  solution  contain  free  ammo- 
nia, the  fluid  filtered  off  from  the  precipitated  sulphuret  of  nickel 
will  invariably  appear  of  a  more  or  less  brownish  color,  owing  to 
its  containing  unprecipitated  sulphuret  of  nickel,  which  it  is  very 
diflBcult  to  precipitate  completely  from  it  (by  exposure  to  the  air). 
Were  the  filter  (instead  of  being  incinerated)  to  be  treated  with 
aqua  regia,  it  would  be  impossible  subsequently  to  precipitate  tho 
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nickel  completely  with  potass,  since  the  solution  of  the  sulphuret 
would  in  that  case  contain  organic  substances* ' 

c.  By  direct  i(/nition. 

The  same  method  as  described  §  81,  1  d.  (Manganese.) 

§  83. 

4.    PROTOXIDE    OF   COBALT. 

a.  Solution. 

Protoxide  of  cobalt  and  its  compounds  deport  themselves  with 
solvents,  like  the  corresponding  compounds  of  nickel,  metallic 
cobalt  like  metallic  nickel. 

h.  Determination. 

Cobalt  is  invariably  weighed  in  its  metallic  state.  (§  54.)  The 
reduction  of  the  salts  of  cobalt  to  metallic  cobalt  is  effected  by 
precipitation  as  hydrated  protoxide  of  cobalt, — ^preceded  in  some 
instances  by  precipitation  as  sulphuret  of  cobalt, — and  subsequent 
ignition,  or  by  direct  ignition.  The  reduction  of  the  impure  pro- 
toxide into  metallic  cobalt  is  completed  by  means  of  hydrogen  gas. 

We  may  convert  into 

METALLIC  COBALT. 

o.  By  precipitation  as  hydrated     b.  By  precipitation  as  sulphuret 
protoxide  of  cobalt.  of  cobalt. 

All  the  salts  of  cobalt  with  All  the  compounds  of  cobalt 
inorganic  acids  which  are  so-  without  exception, 
luble  in  water,  and  all  its  salts 
with  volatile  organic  acids ;  like- 
wise those  of  its  insoluble  salts, 
tlie  acid  of  which  may  be  re- 
moved upon  their  solution  in 
strong  acids. 

c.  By  direct  ignition. 
The  oxide  of  cobalt  and  their  compounds  with  readily 
volatile  acids,  and  likewise  those  with  organic  acids. 
The  method  b.  serves  principally  to  separate  cobalt  from  other 
metals  ;  it  is  applied  only  when  some  obstacle  opposes  the  appli- 
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cation  of  method  a. ;  for  instance,  when  ammonia^  ammoniacal 
salts,  non-voladle  organic  sabstances,  &c.,  happen  to  be  present. 
Method  c,  is  prefe^^able  to  the  other  methods,  in  all  cases  where  it 
is  applicable.  For  the  analysis  of  the  compounds  of  protoxide  of 
cobalt  with  chromic  acdd,  phosphoric  acid,  and  boracic  acid,  we 
refer  to  these  paragraphs  treating  of  the  acids,  in  the  second  part 
of  this  section. 

Determination  as  metallic  cobalt, 
a.  By  precipitation  as  hydrated  protoxide  of  cobalt. 
The  cobalt  compound  under  examination  is  dissolved  in  its  ap- 
propriate menstruum,  in  a  flask,  and  concentrated  solution  of 
caustic  potass  is  added  in  excess ;  heat  is  then  applied,  until  the 
precipitate  formed,  which  was  blue  at  first,  has  acquired  a  dirty 
light  red,  or  brownish  colour ;  the  fluid  is  tlien  filtered  off  from 
the  precipitate,  and  the  latter  is  careAilly  washed  with  hot  water, 
dried,  ignited,  (§31,)  and  weighed,  taking  care  to  place  the  lid 
with  the  filter  ashes  inverted  upon  the  crucible,  so  that  the  ashes 
do  not  get  mixed  with  the  contents  of  the  crucible.  Should  am- 
moniacal salts  be  present,  tlie  operator  must  pursue  the  course  re- 
commended §  80,  a,     (Determination  of  zinc  as  carbonate.) 

The  contents  of  the  crucible  are  then  wholly  or  partially  intro- 
duced into  the  bulb  of  a  bulbous  tube,  (the  weight  of  which  has 
been  previously  ascertained,)  and  the  amount  of  the  oxide  in  the 
tube  is  determined  by  weighing  the  latter ;  the  tube  is  tlien  con- 
nected with  an  apparatus  for  the  evolution  of  hydrogen  gas,  as 
illustrated  by 

PLATE  xxxi. 
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A  represents  the  evolution  flask  containing  granulated  zinc; 
b  dif^n.  long  tube,  filled  up  to  c  with  blotting  paper,  and  from 
c  to  d  with  chloride  of  calcium.  The  small  tvij^e  e  serves  to  con- 
nect, by  means  of  two  perforated  corks,  the  bulbous  tube  /  ivith 
bd.  A  slow  stream  of  hydrogen  gas  is  evolved  by  pouring  dilute  sul- 
phuric acid  into  A ;  the  operator  should  wait  until  all  atmospheric 
air  has  been  expelled  the  apparatus,  and  then  apply  a  gentle  heat 
to  the  bulb  /,  increasing  this  heat  gardually  to  bright  redness. 
The  reduction  may  be  considered  completed  when  the  formation 
of  water  ceases ;  the  water  which  may  still  remain  in  the  posterior 
part  of  the  tube  is  expelled  by  means  of  a  small  spirit  lamp, 
and  the  bulbous  tube  is  then  allowed  to  cool,  whilst  the  trans- 
mission of  hydrogen  gas  is  continued  ;  the  tube  is  then  taken  off 
from  e,  and  held  obliquely  for  some  time,  so  as  to  permit  the  air 
to  replace  the  hydrogen ;  after  this  the  tube  is  weighed.  If  the 
contents  of  the  crucible  (protoxide  of  cobalt)  have  been  only  par- 
tially introduced  into  the  bulb  of/,  the  operator  has  to  calculate 
the  amount  of  metallic  cobalt  obtained  from  the  reduced  portion, 
upon  the  whole  amount  of  the  protoxide.  For  the  properties  of 
the  precipitate,  of  the  ignited  residue  and  the  reduced  cobalt 
metal,  vide  §  64. — ^This  method,  if  properly  executed,  yields  very 
accurate  results.  Care  should  be  taken  to  ignite  the  reduced 
cobalt  in  /  to  a  sufficient  degree  of  intensity,  since,  if  this  be 
neglected,  the  cobalt  is  likely  to  take  fire  upon  the  access  of  air. 
Should  it,  notwithstanding  intense  ignition,  show  afterwards  py- 
rophorous  properties,  this  is  a  sign  that  the  protoxide  of  cobalt 
was  not  pure. 

b.  By  precipitation  as  sulphuret  of  cobalt. 

The  solution  of  the  cobalt  compound  under  examination,  is 
mixed  with  a  small  portion  of  sal  ammoniac ;  ammonia  is  then 
added  slightly  in  excess,  and  subsequently  sulphuret  of  ammonium, 
as  long  as  a  precipitate  is  formed ;  the  fluid  is  then  filtered  off 
from  the  precipitate,  washed  with  water  impregnated  with  a  small 
portion  of  sulphuret  of  ammonium,  dried  and  treated  as  directed 
§   82,   b.    (Sulphuret  of   nickel,)   to   redissolve   the   sulphuret 
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of  cobalt.  The  cobalt  in  this  solution  is  determined  as  described 
sub.  a.  For  the  properties  of  sulphuret  of  cobalt,  vide  §  54. 
This  method^  if  properly  executed,  yields  very  accurate  results, 
since  it  is  free  from  all  sources  of  error. 

c.  By  direct  ignition. 

The  same  method  as  described  §  81,  I  cL  (Manganese.)  The 
amount  of  cobalt  in  the  oxide  obtained  by  this  method  is  deter- 
mined by  reduction  with  hydrogen,  in  the  manner  described 
sub.  a. 

§  84. 

5.    PROTOXIDE    OF   IRON. 

Many  of  the  protocompounds  of  iron  are  soluble  in  water. 
The  pure  protoxide  of  iron  and  those  of  its  compounds  which  are 
insoluble  in  water,  dissolve  nearly  without  exception  in  hydro- 
chloric acid.  The  solutions,  if  not  prepared  with  perfect  exclusion 
of  the  air,  and  with  solvents  absolutely  free  from  air,  contain 
invariably  more  or  less  peroxide.  Some  natural  compounds  of 
iron  require  fluxing  with  carbonate  of  soda,  as  an  indispensable 
preliminary  for  their  perfect  solution  in  hydrochloric  acid.  Solu- 
tions prepared  in  this  manner,  contain  nearly  exclusively  per- 
chloride  of  iron,  and  but  little  protochloride^  or  even  none. 
Metallic  iron  dissolves  in  hydrochloric  acid  and  dilute  sulphuric 
acid,  as  protochloride  or  protosulphate,  with  evolution  of  hydro- 
gen ;  in  hot  nitric  acid,  it  dissolves  as  pemitrate,  and  in  aqua 
regia  as  perchloride. 

b*  Determination. 

Protoxide  of  iron  is  invariably  weighed  in  the  form  of  peroxide, 
(§  55.)  To  convert  it  into  this  form,  the  solution  of  the  pro* 
toxide  is  first  peroxidized,  and  the  peroxide  is  then  treated  as 
directed  §  85.  In  some  instances,  (vide  §  85,)  and  especially  for 
the  purpose  of  separating  the  protoxide  of  iron  from  other  oxides, 
the  protoxide  of  iron  is  first  precipitated  as  sulphuret  of  iron. 
The  method  applied  for  this  purpose  is  the  same  as  that  which 
will  be  found  described  §  85,  h. 
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The  following  is  the  hest  method  of  peroxidizing  the  solution 
of  a  proto-salt  of  iron : — 

The  solution  of  the  proto-salt  of  iron  is  mixed,  in  a  flask,  with 
a  small  amount  of  hydrochloric  acid — (unless  this  acid  he  already 
present) — some  nitric  acid  is  added,  and  the  mixture  heated  to  inci- 
pient ebullition.  The  color  of  the  solution  will  show  whether  a  suffi- 
ciency of  nitric  acid  has  been  added.  In  concentrated  solutions, 
the  addition  of  nitric  acid  produces  a  dark  brown  color,  which 
disappears  upon  heating.  This  color  is  owing  to  the  nitric  oxide 
formed  dissolving  in  the  not  yet  decomposed  solution  of  the 
proto-salt  of  iron. 

The  conversion  of  the  protoxide  into  peroxide  may  likewise  he 
effected  by  transmitting  chlorine  gas  through  the  solution,  or  by 
adding  to  it  chlorine  water  in  excess. 

With  regard  to  the  method  of  determining  protoxide  of  iron 
from  the  amount  of  gold  which  it  reduces  from  the  perchloride  of 
the  latter  metal,  I  refer  to  §  124,  fi,,  bb.,  since  this  method  serves 
exclusively  to  separate  the  protoxide  of  iron  from  the  peroxide. 

§  85. 

PEROXIDE   OF  IRON. 

a.  Solution, 

Many  of  the  percompounds  of  iron  are  soluble  in  water.  Pure 
peroxide  of  iron,  and  most  of  those  of  its  compounds  which  are 
insoluble  in  water,  dissolve  in  hydrochloric  acid.  In  many 
instances,  this  solution  proceeds  with  difficulty ;  it  is  necessary  in 
such  cases  to  use  concentrated  hydrochloric  acid,  and  to  reduce 
the  compound  to  be  analyzed  to  a  state  of  the  most  minute  divi- 
sion, previously  to  subjecting  it  to  the  action  of  the  acid ;  this 
action  is  promoted  by  the  application  of  a  gentle  heat ;  heating  to 
ebullition  is  improper.  Iron  ores  insoluble  in  hydrochloric  acid 
are  prepared  for  solution  by  fluxing  with  carbonate  of  soda. 

b.  Determination, 

Peroxide  of  iron  is  invariably  weighed  as  such.  The  com- 
pounds of  iron  are  converted  into  this  form  either  by  precipitation 
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as  hydrated  peroxide — ^preceded  in  some  instances  by  precipitation 
as  snlphoret  or  persnccinate  of  iron^— or  by  direct  ignition. 
We  may  convert  into 

PEROXIDE  OF  IRON. 

a.   By  precipitation  as  hy-       h.  By  precipitation  as  sulpAu- 
drated  peroxide  of  iron*  ret  of  iron. 

All  persalts  of  iron  with  inor-  All  compounds  of  iron  with- 
ganic  or  volatile  organic  acids,  out  exception, 
which  are  soluble  in  water ;  and 
likemse  those  of  the  insoluble 
persalts,  the  acid  of  which  may 
be  removed  upon  their  solution 
in  hydrochloric  acid. 

c.  By  precipitation  as  persuc-  j    -d    j-     j  •     •^• 

^  ^      ^  ^  d.  By  direct  ignition, 

cinate  of  iron. 

All  the  compounds  enume-  All  persalts  of  iron  with  vola- 
rated  sub.  a.  tile  oxygen  acids. 

The  method  d,  is  very  expeditious  and  accurate,  and  is  there- 
fore preferred  to  the  other  methods  in  all  cases  where  its  applica- 
tion is  admissible.  The  method  h,  serves  principally  to  separate 
peroxide  of  iron  from  other  bases ;  this  method  is  applied  more- 
over in  certain  instances  where  a.  is  inapplicable,  and  thus  espe- 
cially in  cases  where  sugar  or  other  non- volatile  organic  sub- 
stances are  present ;  and  likewise  to  determine  peroxide  of  iron 
in  its  compounds  with  phosphoric  acid  and  boracic  acid.  The 
method  c,  is  exclusively  used  to  separate  iron  from  other  bases. 
For  the  determination  of  the  peroxide  of  iron  in  perchromate  and 
persilicate  of  Iron,  I  refer  to  §  99  and  §  106. 

Determination  as  peroxide  of  iron. 

a.  By  precipitation  as  hydrated  peroxide. 

The  iron  compound  under  examination  is  dissolved  in  its  ap- 
propriate menstruum,  in  a  flask  or  beaker-gloss,  and  ammonia  is 
added  in  excess ;  the  mixture  is  then  heated  nearly  to  ebullitiou. 
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filtered,  carefully  washed  with  hot  water,  thoroughly  dried,  and 
ignited  according  to  the  method  descrihed  §  32.  The  cracible 
should  be  kept  closely  covered  at  first,  and  exposed  to  a  gentle  heat ; 
the  lid  should  subsequently  be  removed,  and  placed  against  the 
crucible,  in  the  manner  illustrated  by  Plate  XXIX.,  and  a  more 
intense  heat  should  then  be  applied.  This  method,  if  properly 
and  carefully  executed,  yields  very  accurate  results,  and  is  free 
from  sources  of  error.  Should  the  operator  have  reason  to  fear 
that  part  of  the  peroxide  has  suffered  reduction  by  the  charcoal  of 
the  filter,  he  need  simply  moisten  the  contents  of  the  crucible 
with  nitric  acid,  evaporate  and  ignite  again  ;  by  this  process  fhe  is 
sure  to  obtain  all  the  iron  present,  in  the  form  of  peroxide. 

For  the  properties  of  the  precipitate  and  residue,  vide  §  55. 
The  precipitate  must,  under  all  circumstances,  be  carefully  washed, 
since,  should  it  retain  any  sal  ammoniac,  a  portion  of  the  iron 
would  volatilize  in  the  form  of  perchloride. 

h.  By  precipitation  as  sulphuret  of  iron. 

The  iron  compound  under  examination  is  dissolved  in  its  ap- 
propriate menstruum,  in  a  beaker-glass,  and  ammonia  added  to 
complete  neutralization  of  the  free  acid  present.  (If  organic  non- 
volatile substances  be  present,  a  little  hydrated  peroxide  of  iron  will 
precipitate  ;  however,  tins  is  not  of  any  consequence.)  Sulphuret 
of  ammonium  is  then  added  in  excess,  and  a  gentle  heat  applied. 
The  operator  generally  obtains,  in  this  manner,  a  black  precipitate 
in  a  colorless  or  yellowish  fluid,  in  which  case  he  may  at  once 
filter ;  but  should  the  fluid  exhibit  a  greenish  color — which  hap- 
pens particularly  with  very  dilute  solutions,  and  is  owing  to 
extremely  minute  particles  of  sulphuret  of  iron  remaining  me- 
chanically suspended  in  the  fluid — the  beaker-glass,  covered  with 
a  glass  plate,  must  be  kept  standing  at  rest  on  a  moderately  warm 
spot,  until  the  fluid  has  acquired  a  yellow  tint.  The  fluid  may 
then  be  filtered.  In  either  case,  the  precipitate  is  washed  unin- 
terruptedly with  water,  mixed  with  a  small  amount  of  sulphuret  of 
ammonium,  the  funnel  being  kept  well  covered  all  the  while.  If 
any  of  these  precautions  be  neglected,  some  loss  of  substance  will 
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arise  from  a  portion  of  the  sulphuret  of  iron  oxidizing  gradually 
in  the  air,  and  being  carried  into  the  filtrate  as  protosulphate. 
Since  the  protosulphate  of  iron  which  gets  thus  into  the  filtrate, 
is  re-precipitated  by  the  sulphuret  of  ammonium  present,  the 
fluid  assumes  in  such  cases  a  greenish  color,  and  deposits  gra* 
dually  a  black  precipitate. 

After  having  completed  the  washing  of  the  precipitated  sul- 
phuret of  iron,  this,  together  with  the  filter,  is  introduced  into  a 
beaker-glass,  and  some  water  poured  over  it;  hydrochloric  acid 
is  added  until  all  the  sulphuret  of  iron  present  is  re-dissolved. 
Heat  is  then  applied  until  the  solution  smells  no  longer  of  sul- 
phuretted hydrogen  ;  the  solution  is  filtered  into  a  flask,  the  filter 
is  carefully  washed,  and  the  filtrate  peroxidized  by  heating  with 
nitric  acid,  (vide  §  84  ;)  the  peroxidized  solution  is  finally  treated 
as  directed  sub.  a. 

c.  By  precipitation  as  persuccinate  of  iron. 
The  persalt  of  iron  under  examination  is   dissolved   in   the 
appropriate  menstruum,   in   a   flask,   and   very  dilute   solution 
of  ammonia  is  added  drop  by  drop  until  a  small  portion  of  the 
iron  precipitates  in  the  form   of  hydrated  peroxide ;  a  gentle 
heat  is  then  applied  to  ascertain  whether  the   precipitate  will 
re- dissolve  or  not.     If  it  re- dissolves,  the  addition  of  dilute  am- 
monia is  to  be  continued,  until  the  application  of  heat  causes  no 
longer  this  re-solution  of  the  precipitate  formed.      If,   on   the 
contrary,  it  does  not  re- dissolve,  and  the  fluid  continues  to  exhi- 
bit a  brown-red  color,  all  the  conditions  requisite  for  precipita- 
tion with  succinate  of  ammonia  are  fulfilled.      But  should  the 
fluid  appear  colorless,  this  is  to  be  considered  as  a  sign  that  too 
much  ammonia  has  been  added ;  in  that  case,  it  will  be  necessary 
to  add  a  small  portion  of  hydrochloric  acid,  and  then  again  some 
ammonia  until  the  desired  point  is  attained.     A  perfectly  neutral 
solution  of  succinate  of  ammonia  is  to  be  added  to  the  fluid  thus 
prepared,  and  this  addition  is  to  be  continued  as  long  as  a  pre- 
cipitate is  formed ;  a  gentle  heat  is  then  applied,  and  the  fluid 
is  subsequently  allowed  to  cool ;  when  perfectly  cold,  it  is  filtered 
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off  from  the  precipitate^  and  the  latter  is  washed  first  with  cold 
water^  and  finally  with  a  warm  solution  of  ammonia ;  this  opera- 
tion^ depriving  the  precipitate  in  a  very  great  measure  of  its 
acid^  causes  it  to  acquire  a  deeper  tint.  The  washed  precipitate 
is  dried  upon  the  filter  in  the  funnel,  the  filter  and  its  contents 
are  introduced  into  a  platinum  crucible,  and  the  latter  is  heated, 
at  first  covered,  subsequently  uncovered,  with  a  stream  of  air 
directed  upon  its  contents,  until  the  filter  is  completely  incine- 
rated, and  the  precipitate  converted  into  red  peroxide  of  iron. 
The  object  of  washing  the  precipitate  with  ammonia  is  to  remove 
part  of  the  succinic  acid,  since,  were  this  neglected,  and  the 
precipitate  simply  washed  with  water,  part  of  the  peroxide  of  iron 
might  readily  be  reduced  upon  the  ignition  of  the  succinate. 
Properties  of  the  precipitates,  vide  §  55.  This  method  yields 
very  accurate  results. 

d.  By  direct  ignilion. 

The  compound  to  be  examined  is  exposed,  in  a  covered  crucible, 
to  a  gentle  heat  at  first,  which  is  gradually  increased  to  the  highest 
degree  of  intensity  until  the  weight  of  the  remaining  peroxide 
ceases  to  vary,  even  to  the  slightest  extent. 


FIFTH   GROUP. 

OXIDE  OF  SILVER — OXIDE  OF  LEAD— PROTOXIDE  OF  MERCURY — 
PEROXIDE  OF  MERCURY — OXIDE  OF  COPPER  —  OXIDE  OF  BIS- 
MUTH—OXIDE  OF   CADMIUM. 

§    86. 
1.  OXIDE   OF   SILVER. 

a.  Solution. 

Metallic  silver  and  those  of  the  silver  compounds  which  are 
insoluble  in  water,  are  best  dissolved  in  nitric  acid  (of  course 
excepting  those  which  are  insoluble  in  this  acid) ;  dilute  nitric 
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acid  suffices  generally ;  sulphuret  of  silver,  however,  requires  a 
more  concentrated  acid.  It  is  best  to  make  the  solution  in  a 
flask.  Chloride,  bromide,  and  iodide  of  silver  are  insoluble 
in  water  and  in  nitric  acid;  but  it  is  not  necessary  to  dis- 
solve these  salts  in  order  to  analyse  them  (vide  infra).  The 
silver  in  the  chloride,  bromide,  and  iodide,  may,  however,  be 
readily  reduced  by  means  of  zinc  or  iron,  and  water  acidulated  with 
hydrochloric  acid  or  sulphuric  acid.  It  is  most  advisable,  for  this 
purpose,  to  introduce  these  salts  into  a  porcelain  crucible ;  to  pour 
some  water  over  the  fused  mass,  to  throw  a  piece  of  clean  zinc  or 
iron  upon  it,  and  to  add  some  hydrochloric  or  sulphuric  acid. 
The  spongy  silver  obtained  by  these  means  is  to  be  carefully 
washed,  first  with  dilute  sulphuric  acid,  and  subsequently  with 
water;  it  is  then  finally  to  be  dissolved  in  nitric  acid. 

b.  Determination. 

Silver  may  be  weighed  as  chloride  of  silver,  suljphurei  of  silver ^ 
cyanide  o/ silver,  or  metallic  silver. 

We  may  convert  into 

1.   CHLORIDE    OF    SILVER.       2.  SULPHURET    OF    SILVER. 
8.   CYANIDE   OF  SILVER. 

All  compounds  of  silver  without  exception. 

4.   METALLIC   SILVER. 

Oxide  of  silver  and  several  of  its  compounds  with 
readily  volatile  acids ;  salts  of  silver  with  organic  acids ; 
and,  finally,  chloride  of  silver. 
The  method  4  is  the  most  convenient,  and  is  preferred  to  the 
other  methods  in  all  cases,  where  its  application  is  admissible. 
The  method  1  is  that  most  generally  applied ;   2  and  3  serve 
mostly  to  separate  oxide  of  silver  from  other  bases. 
1.  Determination  of  silver  as  chloride  of  silver, 
a.  In  the  humid  way. 

Two  methods  may  be  pursued  to  determine  silver  as  chloride 
in  the  humid  way. 

The  principle  of  the  one  of  these  methods  is  to  weigh  the 
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precipitated  chloride  of  silver;  the  principle  of  the  other  is  to 
infer  the  proportion  of  silver  present  in  a  solution,  hy  determin- 
ing the  quantity  of  common  salt  (in  solution)  which  is  required 
to  precipitate  the  silver  as  chloride.  The  application  of  the 
latter  method,  however,  is  more  exclusively  confined  to  the  work- 
shops of  the  mint,  and  is  hut  rarely  had  recourse  to  in  the  labora- 
tory of  the  chemist ;  I  deem  it  unnecessary,  therefore,  to  describe 
it  here  more  in  detail. 

With  regard  to  the  first  method,  the  precipitated  chloride  of 
silver  may  be  separated  from  the  supernatant  fluid  either  by 
decantation  or  by  filtration ;  the  former  is  generally  preferred 
when  we  have  a  copious  amount  of  precipitate  before  us,  the 
latter  answers  better  for  small  quantities. 

a.  Determination  by  decantation. 

The  moderately  diluted  solution  of  the  compound  under  examina- 
tion is  introduced  into  a  tall  flask,  with  long  neck  and  narrow  mouth, 
and  some  nitric  acid  added  to  it ;  this  mixture  is  heated  to  about 
140°,  and  hydrochloric  acid  is  added  to  it,  as  long  as  a  precipitate 
is  formed.  The  mouth  of  the  flask  is  then  closed  with  a  perfectly 
smooth  cork,  (or,  better  still,  with  a  well-ground  glass  stopper,) 
and  the  flask  is  forcibly  shaken  until  the  precipitated  chloride 
of  silver  has  subsided,  united  into  coherent  lumps,  and  the 
supernatant  fluid  has  become  clear.  The  minute  particles  of 
chloride  of  silver,  which  may  still  adhere  to  the  sides  of  the  neck 
of  the  flask,  are  then  rinsed  down  by  means  of  a  syringe  bottle, 
and  the  stopper  is  loosely  replaced.  The  flask  is  then  placed  on 
a  moderately  warm  spot  in  the  sand-bath  until  the  precipitate 
has  completely  subsided,  and  the  supernatant  fluid  has  become 
perfectly  clear  and  transparent,  which  generally  requires  several 
hours.  The  clear  fluid  is  then  slowly  and  cautiously  decanted 
into  a  beaker-glass,  so  as  to  retain  every  particle  of  the  chloride 
in  the  flask,  whence  it  is  to  be  carefully  transferred  into  a  porcelain 
crucible,  with  steep  and  smooth  sides ;  the  last  particles  of 
cliloride  of  silver  which  remain  adhering  to  the  bottom  and  sides 
of  the  flask  are  rinsed  into  the  neck  of  the  latter  with  a  little 
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water,  (inverting  the  flask,  and  closing  its  mouth  with  the 
finger,)  and  thence  likewise  transferred  into  the  crucible. 

When  the  chloride  of  silver  has  completely  subsided  in  the 
crucible,  (which  is  greatly  accelerated  by  exposing  the  latter  to 
the  heat  of  a  water-bath,)  the  clear  supernatant  fluid  is  carefully 
decanted  (with  the  aid  of  a  glass  rod)  into  the  same  beaker-glass 
which  already  contains  the  liquid  of  the  first  decantation.  The 
chloride  of  silver  in  the  crucible  is  moistened  with  a  few  drops  of 
nitric  acid,  and  subsequently  drenched  with  hot  distilled  water ; 
the  chloride  is  again  allowed  to  subside,  the  clear  supernatant 
fluid  again  decanted,  and  the  same  operation  repeated  until  the  de- 
canted fluid  ceases  to  exhibit  the  slightest  turbidity  upon  the 
addition  of  a  few  drops  of  solution  of  nitrate  of  silver.  The  last 
portions  of  supernatant  fluid  are  then  carefully  and  cautiously 
decanted  or  removed  by  means  of  a  small  syphon ;  the  chloride  is 
thoroughly  dried  in  a  water-bath,  and  subsequently  heated  to 
incipient  fusion,  over  the  flame  of  a  spirit-lamp,  taking  care  to 
apply  a  very  gentle  heat  at  first ;  as  soon  as  the  chloride  begins 
to  fuse  round  the  border^  the  crucible  is  removed  from  the  flame, 
allowed  to  cool,  and  finally  weighed. 

To  remove  the  fused  mass  from  the  crucible,  completely  and 
witliout  injury  to  the  latter,  a  fragment  of  iron  or  zinc  is  placed 
upon  the  chloride,  and  highly  dilute  hydrochloric  or  sulphuric 
acid  poured  over  it.  The  crucible  is  finally  washed,  dried,  and 
weighed.  Should  the  liquids  successively  decanted  firom  the 
chloride  of  silver  not  be  perfectly  clear  and  transparent,  they 
are  to  be  kept  standing  in  a  warm  place  until  the  last  particles  of 
chloride  have  completely  subsided,  (which  frequently  requires 
several  hours ;)  the  clear  supernatant  fluid  is  then  decanted,  and 
the  subsided  chloride  added  to  the  bulk  of  the  precipitate  in  the 
crucible. 

P,  Determination  hy filtration. 

The  chloride  of  silver  is  precipitated  and  allowed  to  subside  as 
at  a. ;  the  supernatant  fluid  is  then  passed  through  a  small  filter 
to  which  the  precipitate  likewise  is  subsequently  transferred,  with 
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the  aid  of  a  little  hot  water  acidulated  with  nitric  acid ;  the  pre- 
cipitate, when  collected  on  the  filter,  is  washed,'  first  with  water 
impregnated  with  nitric  acid,  and  finally  with  pure  water,  tho- 
roughly dried,  ignited,  (§  31,)  and  weighed.  For  the  properties 
of  the  precipitate,  vide  §  56. 

Both  methods,  if  properly  performed,  yield  very  accurate  re- 
sults, although  a  trifling  loss  of  substance  is  incurred  in  /3., 
owing  to  part  of  the  minute  portion  of  chloride  of  silver  which, 
notwithstanding  the  most  careful  scraping,  will  invariably  adhere 
to  the  filter,  being  reduced  upon  the  ignition  of  the  ashes  of  the 
latter ;  this  may  be  remedied,  however,  by  adding  the  filter-ashes 
to  the  chloride  in  the  crucible,  pouring  a  little  dilute  nitric  acid 
over  them,  heating  for  some  time,  adding  a  few  drops  of  hydro- 
chloric acid,  evaporating,  drying,  and  igniting  as  directed  sub.  cu 

b.  In  the  dry  way. 

This  method  serves  more  exclusively  for  the  analysis  of  iodide 
and  bromide  of  silver,  although  it  is  adapted  likewise  for  the 
quantitative  estimation  of  other  salts  of  silver. 

The  process  is  conducted  in  the  apparatus  illustrated  by  Plate 

xxxn. 

PLATE  xxxn. 
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a  is  an  apparatus  for  disengaging  chlorine,  b  contains  con- 
centrated sulphuric  acid,  c  chloride  of  calcium^  d  is  intended  for 
the  reception  of  the  iodide  or  bromide  of  silver,  and  e  serves 
to  conduct  the  chlorine  gas  out  of  the  window.  The  operation 
is  commenced  by  introducing  the  compound  to  be  analysed  into 
the  bulb  d,  and  applying  heat  to  the  latter  until  its  contents  are 
fused ;  when  cold,  the  tube  is  weighed  and  connected  with  the 
apparatus.  Chlorine  gas  is  then  evolved  from  a;  when  the 
evolution  of  the  gas  has  proceeded  for  some  time,  the  contents 
of  d  are  heated  to  fusion,  and  kept  in  this  state  for  about  fifteen 
minutesy  agitating  now  and  then  the  fused  mass  in  the  bulb. 
The  tube  d  is  then  removed  from  the  apparatus,  allowed  to  cool, 
and  held  in  a  slanting  position  to  replace  the  chlorine  by  atmo- 
spheric air ;  it  is  subsequently  weighed,  and  then  again  connected 
with  the  apparatus,  and  the  former  process  repeated,  keeping  the 
contents  of  d.  in  a  state  of  fusion  for  a  few  minutes.  The  opera- 
tion  may  be  considered  concluded  if  the  weight  of  the  tube  suffers 
no  variation  by  the  repetition  of  the  process.  This  method,  if 
properly  executed,  yields  exceedingly  accurate  results. 

2.  Determination  as  sulphuret  of  silver. 

Sulphuretted  hydrogen  precipitates  silver  completely  from  acid, 
neutral,  and  alkaline  solutions ;  from  neutral  and  alkaline  solu- 
tions, however,  this  metal  may  likewise  be  precipitated  by  sul- 
phuret of  ammonium.  Fresh  and  perfectly  clear  solution  of 
sulphuretted  hydrogen  may  be  employed  to  precipitate  small  por- 
tions of  silver ;  to  precipitate  larger  quantities,  the  sobition  of 
the  salt  of  silver  is  moderately  diluted,  and  washed  sulphuretted 
hydrogen  gas  (§  86,  2)  transmitted  through  it.  The  precipitated 
fluid  is  gently  heated,  the  sulphuret  of  silver  collected  on  a 
weighed  filter,  (§  29,)  washed,  dried  at  212°,  and  weighed.  For 
the  properties  of  the  precipitate,  vide  §  56.  This  method,  if 
properly  executed,  yields  very  accurate  results.  The  operator 
must  take  care  to  filter  quickly,  and  to  prevent  the  access  of  air 
as  much  as  possible  during  the  filtration,  since,  if  this  precaution 
be  neglected,  sulphur  is  likely  to  separate  from  the  sulphuretted 
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hydrogen,  and  this,  of  course,  would  incareaae  the  weight  of 
the  precipitated  sulphuret  of  silver.  Should  sulphur,  never- 
theless, have  separated,  in  conjunction  with  the  sulphuret  of 
silver,  owing  either  to  the  imperfect  exclusion  of  the  air 
during  filtration,  or  to  the  presence  of  peroxide  of  iron  or  any 
other  substance  likely  to  decompose  sulphuretted  hydrogen ;  the 
precipitate,  together  with  the  filter,  is  digested  at  a  gentle  heat 
with  moderately  dilute  nitric  acid  until  complete  decomposition 
ensues,  and  the  undissolved  sulphur  appears  of  a  pure  yellow ; 
the  solution  is  filtered  off  from  the  sulphur,  the  latter  carefully 
washed,  and  the  filtrate,  together  with  the  rinsing  water,  treated 
as  directed  at  1. 

3.  Determination  as  cyanide  of  silver. 

The  neutral  or  acid  solution  of  the  salt  to  be  analysed  is  mixed 
with  cyanide  of  potassium  until  the  precipitate  which  forms  at 
first  is  completely  redissolved ;  nitric  acid  is  then  added  slightly 
in  excess,  and  a  gentle  heat  applied.  The  precipitated  cyanide 
of  silver  is  collected  on  a  weighed  filter,  washed,  dried  at  212°, 
and  weighed.  For  the  properties  of  the  precipitate,  vide  §  bij. 
The  results  are  perfectly  accurate* 

4.  Determination  as  metallic  silver. 

Oxide  of  silver,  carbonate  of  silver,  &c.,  are  easily  reduced  by 
simple  ignition  in  a  porcelain  crucible ;  but  salts  of  silver  with 
organic  acids  are  more  advantageously  heated  first  in  a  covered 
crucible;  the  lid  being  subsequently  removed,  and  a  more 
intense  heat  applied  until  the  charcoal  is  completely  consumed. 
For  the  properties  of  the  residue,  vide  §  56.  The  results  are 
absolutely  accurate ;  in  the  analysis  of  salts  of  silver  with  or- 
ganic acids,  however,  it  happens  frequently  that  the  reduced 
silver  is  contaminated  with  a  minute  portion  of  charcoal,  and 
thus  the  results  are  a  trifle  higher  than  theoretically  calculated. 

To  convert  chloride  of  silver  into  metallic  silver,  for  the  pur- 
pose of  analysis,  the  former  is  introduced  into  the  bulb  of  a 
bulbous-tube,  fused,  and  weighed.  The  tube  is  then  connected 
with  an  apparatus  evolving  dry  hydrogen  gas,  (compare  §  83,  Plate 
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XXXI).  When  the  apparatus  is  completely  filled  with  hydrogen, 
and  the  evolution  proceeds  steadily  and  slowly,  heat  is  applied 
to  the  halh  until  the  chloride  of  silver  is  in  fusion ;  the  fused 
chloride  is  maintained  at  a  moderate  heat  until  no  more  fiimes 
of  sal  ammoniac  are  perceptible  upon  approaching  the  aperture 
through  which  the  gas  escapes  with  a  glass  rod  moistened  with 
ammonia.  The  apparatus  is  then  allowed  to  cool,  the  bulbous 
tube  is  detached  from  it,  held  slantingly  so  as  to  expel  the  hy- 
drogen by  atmospheric  air,  and  is  then  finally  weighed.  The 
results  are  most  accurate. 

§  87. 

OXIDE   OF   LEAD. 

a.  Solution, 

Few  of  the  salts  of  lead  are  soluble  in  water.  Metallic  lead, 
oxide  of  lead,  and  most  of  the  insoluble  salts  of  lead,  dissolve  in 
dilute  nitric  acid.  Concentrated  nitric  acid  effects  neither  com- 
plete decomposition  nor  complete  solution,  since,  owing  to  Uie 
insolubility  of  nitrate  of  lead  in  concentrated  nitric  acid,  the  first 
portions  of  nitrate  formed  protect  from  further  decomposition 
the  yet  undecomposed  part  of  the  salt  to  be  analysed.  For  the 
degree  of  solubility  of  chloride  and  sulphate  of  lead,  vide  §  5T. 

Iodide  of  lead  does  not  dissolve  in  cold  dilute  nitric  acid ;  but 
upon  heating,  it  dissolves  readily  in  this  acid,  with  separation  of 
iodine.  Chromate  of  lead  dissolves  without  decomposition  in 
potass  alone,  and  is,  for  the  purpose  of  analysis,  most  advan- 
tageously converted  into  chloride  of  lead. 

h.  Determination. 

Lead  may  be  weighed  as  oxide,  sulphate,  sulphuret,  or 
CHLORIDE,  or  finally  also  as  oxide  op  lead  H-  lead. 

We  may  convert  most  advantageously  into 

1.  oxide  of  lead. 
a*  By  precijntation.  b.  By  iynitioiu 

All   salts  of  lead   soluble  in         a.  Salts  of  oxide  of  lead  with 
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water,  and  those  of  the  insoluble  readily  volatile  or  decomposable 

salts,  the  acid  of  which  is  ex-  inorganic  acids, 

pelled  and  removed  upon  their  /3.  Salts  of  lead  with  organic 

solution  in  nitric  acid.  acids. 

2.  SULPHATE   OF  LEAD. 

a.  By  precipitation.  b*  By  evaporation. 

Those  of  the  insoluble  salts  a.  All  the  oxides  of  lead,  and 
of  lead,  the  acid  of  which  can-  likewise  the  salts  of  oxide  of 
not  be  removed  from  their  solu-  lead  with  volatile  acids,  and 
lion  in  nitric  acid.  also    iodide    and    bromide    of 

lead. 

j3.  Many  of  the  organic  com- 
pounds of  lead. 

3.  CHLORIDE   OF  LEAD. 

Ghromate  of  lead,  iodide,  and  bromide  of  lead. 

4.  OXIDE   OF  LEAD  +  LEAD. 

Many  of  the  organic  compounds  of  lead. 

5.   SULPHURET  OF  LEAD. 

All  salts  of  lead  in  solution.    This  method  serves 
principally  to  separate  lead  from  other  substances. 

The  application  of  these  methods  must  not  be  understood  to 
be  rigorously  confined  to  the  compounds  specially  enumerated 
under  their  respective  heads;  on  the  contrary,  the  compounds 
enumerated  sub.  1  may  likewise  be  determined  as  sulphate  of 
lead,  and  those  enumerated  sub.  1,  2,  and  4,  as  sulphuret  of  lead, 
&c.,  &c.  Chloride  of  lead  may  either  be  determined  according 
to  1.  a.,  or  it  may  be  reduced  to  the  metallic  state  in  the  manner 
described  §  86  for  the  reduction  of  chloride  of  silver ;  the  heat 
applied  should  not  be  too  intense,  since  this  might  cause  some 
of  the  chloride  to  volatilize. 

The  peroxides  of  lead  are  reduced  by  ignition  to  the  state  of 
simple  oxide,  and  may  thus  be  readily  dissolved,  and  analysed. 
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Should  the  operator  wish  to  avoid  haying  reconrso  to  ignition, 
the  most  simple  mode  of  dissolving  the  peroxides  of  lead  is  to 
act  upon  them  ^ith  dilute  nitric  acid,  in  conjunction  with  a  smaU 
quantity  of  alcohol.  For  the  methods  of  analysing  sulphate, 
chromate,  iodide,  and  hromide  of  lead,  I  refer  to  the  paragraphs 
treating  of  the  corresponding  acids,  in  the  second  part  of  this 
section. 

1.  Determinaiion  of  lead  as  oxide. 

a.  By  precipitation. 

o.  By  precipitation  as  carbonate  of  lead* 

The  moderately  dilute  solution  of  the  compound  to  he  analysed 
is  mixed  vdth  carhonate  of  ammonia  slightly  in  excess,  some 
caustic  ammonia  added,  a  gentle  heat  applied,  and  the  fluid*  after 
the  lapse  of  some  time,  filtered  off  from  the  precipitated  carbonate 
of  lead.  The  precipitate  is  washed  with  pure  water,  dried,  and 
ignited  in  a  porcelain  crucible,  the  filter  having  previously  been 
incinerated  upon  the  lid  of  the  latter.  For  the  properties  of  the 
precipitate  and  residue,  vide  §  57.  The  results  are  satisfactory, 
although  generaUy  a  trifle  lower  than  calculated,  owing  to  car- 
bonate of  lead  not  being  absolutely  insoluble  in  fluids  impreg- 
nated with  ammoniacal  salts.  (Experiment  No.  35.)  A  small 
and  thin  filter  should  be  selected,  and  every  care  taken  to  free 
this  as  much  as  possible  from  the  carbonate  adhering  to  it; 
otherwise  the  incineration  of  the  filter  might  cause  further  loss  of 
substance,  owing  to  the  reduction  of  the  oxide  to  the  state  of 
metallic  lead. 

p.  By  precipitation  as  oxalate  of  lead. 

The  solution  of  the  compound  under  examination  is  mixed 
with  oxalate  of  ammonia  in  excess,  and  ammonia  added  until  it 
begins  to  predominate ;  the  precipitated  oxalate  is  then  allowed 
to  subside,  the  fluid  filtered  off  from  it,  and  the  further  process 
conducted  as  directed  at  a, ;  the  porcelain  crucible  is  to  be  left 
uncovered  during  the  ignition  of  the  precipitate.  Besults  as 
at  a. 

b.  By  ignition. 
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Oompounds  like  carbonate  or  nitrate  of  lead  are  carefully 
ignited  in  a  porcelain  crucible  until  their  weight  ceases  to  dimi- 
nish. For  the  manner  of  reducing  salts  of  lead  with  organic 
acids,  to  the  state  of  oxide,  I  refer  to  4. 

2.  DetefTnination  as  sulphate  of  lead, 

a.  By  precipitation. 

a.  Moderately  diluted  pure  sulphuric  acid  is  added  slightly  in 
excess  to  the  solution  of  the  compound  to  be  analysed,  (this  solu- 
tion must  not  be  too  dilute) ;  the  fluid  is  then  mixed  with  twice 
its  volume  of  spirits  of  wine ;  the  precipitated  sulphate  of  lead  is 
allowed  several  hours  to  subside,  and  the  fluid  is  subsequently 
filtered  off;  the  precipitate  is  washed  with  spirits  of  wine,  dried 
and  ignited.  (§81).  Although  a  careful  operator  may  conduct 
the  ignition  in  a  platinum  crucible,  yet  it  is  more  advisable  to  use 
a  thin  porcelain  crucible  for  this  purpose.  A  small  and  thin  filter 
should  be  selected,  and  the  adhering  sulphate  of  lead  carefully 
scraped  off.  (Vide  1,  a,,  cu) 

fi.  In  cases  where  the  addition  of  spirits  of  wine  is  inadmissible, 
the  sulphuric  acid  should  be  added  to  a  perceptible  excess,  and 
the  precipitate,  after  subsidence,  filtered  at  once,  washed  first 
with  water  very  slightly  acidulated  with  sulphuric  acid,  and  finally 
with  spirits  of  wine,  the  further  process  being  conducted  as  at  a. 

For  the  properties  of  the  precipitate,  vide  §  57.  Both  these 
methods,  if  properly  and  carefiilly  executed,  yield  very  accurate 
results.  Of  course,  if  the  operator  neglects  to  add  the  sulphuric 
acid  sufficiently  in  excess,  or  to  acidulate  the  washing  water,  he 
must  not  expect  very  accurate  results,  since,  for  instance,  in  pre- 
sence of  ammoniacal  salts,  nitric  acid,  &o.,  the  lead  does  not 
completely  precipitate  if  the  sulphuric  acid  is  not  added  percep- 
tibly  in  excess,  and  since,  on  the  other  hand,  sulphate  of  lead  is 
not  quite  insoluble  in  pure  water. 

b.  By  evaporation* 

The  substance  to  be  examined,  is  weighed,  introduced  into  a 
weighed  dish,  dissolved  in  dilute  nitric  acid,  and  moderately 
dilute  pure  sulphuric  acid  added  slightly  in  excess ;  the  mixture  is 
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carefnUy  evaporated  at  a  gentle  heat,  finally  in  a  small  sand-bath 
over  a  spirit-lamp,  until  the  excess  of  sulphurio  acid  is  completely 
expelled.  In  the  absence  of  organic  substances,  this  operation 
may  be  conducted  in  a  platinum  dish  ;  but  should  organic  sub- 
stances be  present,  a  porcelain  dish  is  to  be  preferred.  The 
results  are  perfectly  accurate. 

p.  Organic  compounds  of  lead  are  converted  into  the  sulphate, 
by  treating  them,  in  a  porcelain  crucible,  with  pure  concentrated 
sulphuric  acid  in  excess,  and  evaporating  carefully  in  a  well- 
covered  crucible,  until  the  excess  of  sulphuric  acid  is  completely 
expelled ;  the  residue  is  then  to  be  ignited  and  weighed.  Should 
the  residue  not  be  perfectly  white,  it  is  to  be  moistened  again 
with  sulphuric  acid,  and  the  process  repeated.  This  method,  if 
properly  executed,  yields  accurate  results  ;  a  trifling  loss  is,  how- 
ever, usually  incurred,  since  traces  of  the  salt  are  liable  to  be  car- 
ried away  with  the  escaping  sulphurous  acid  and  carbonic  acid 
gas. 

3.  Determination  as  chloride  of  lead. 

In  certain  separations  of  lead  from  other  substances,  this 
metal  is  determined  as  chloride.  For  this  purpose,  the  solution 
of  the  substance  under  examination  is  mixed  with  hydrochloric 
acid  in  excess,  considerably  concentrated  in  the  water-bath,  and 
the  residue  treated  with  absolute  alcohol,  mixed  with  some  ether ; 
the  precipitated  chloride  of  lead  is  allowed  to  subside,  and  the 
fluid  subsequently  filtered  off;  the  precipitate  is  then  dried  and 
exposed  to  a  gentle  heat..  Were  the  precipitate  heated  to  redness, 
a  small  portion  of  the  chloride  would  volatilize.  A  small  and 
thin  filter  should  be  selected,  and  the  adhering  chloride  of  lead 
most  carefully  scraped  off.  (Vide  1,  a,,  a.) 

4.  Determination  as  oxide  of  lead -r  lead. 

From  one  to  two  grammes  of  the  organic  compound  of  lead  which 
it  is  intended  to  analyse,  are  weighed  into  a  small  porcelain  dish, 
previously  tared,  and  the  latter  is  then  exposed  to  a  gentle  heat, 
taking  care  to  direct  this  first  upon  the  brim  of  the  dish,  so  as 
to  cause  the  ensuing  decomposition  to  commence  on  one  side. 
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and  to  proceed  gradually.  When  the  whole  mass  is  perfectly  de< 
composed,  the  heat  is  slightly  increased  and  maintained  thus 
until  no  more  glowing  particles  are  perceptible,  and  the  residue 
forms  a  mixture  of  oxide  of  lead,  with  globules  of  metallic  lead, 
9sA  perfectly  firee  from  charcoal.  This  residue  is  weighed,  and 
subsequently  heated  with  acetic  acid,  until  the  oxide  is  completely 
dissolved ;  the  solution  is  decanted  from  the  metallic  lead,  the  latter 
washed  by  repeated  decantation,  the  last  traces  of  water  finally  ex- 
pelled by  heat,  and  the  remaining  metallic  lead  weighed.  By  sub- 
tracting the  weight  of  the  metal  from  that  of  the  whole  residue,  we 
find  the  proportion  of  oxide  of  lead  which  was  present  in  the  residue  ; 
by  calculating  the  proportion  of  metal  contained  in  the  oxide,  and 
adding  the  resulting  figure  to  the  weight  of  the  metallic  lead,  we 
ascertain  the  total  amount  of  this  metal  originally  present  in  the 
analyzed  compound.  This  method  is  very  convenient,  and,  if 
properly  and  carefully  executed,  yields  very  accurate  results.  The 
operator  must  take  care  to  conduct  the  decomposition  of  the 
organic  compound  very  slowly,  since  the  rapid  combustion  of  its 
carbon  and  hydrogen  at  the  expense  of  the  oxygen  of  the  oxide 
of  lead,  would  produce  so  high  a  temperature  as  to  volatilize  a 
portion  of  the  lead  in  visible  fumes.  If  the  residue  is  not  per- 
fectly firee  from  charcoal — (which  is  detected  while  heating  it  with 
acetic  acid) — this  will  tend  to  produce  a  higher  result  than  cal- 
culated. 

DuLK  has  recently  recommended  the  following  modification  of 
this  method,  which  was  originally  introduced  by  Berzelius. 
According  to  the  former  chemist,  ihe  compound  to  be  analyzed  is 
gently  heated,  in  a  covered  porcelain  crucible,  until  the  organic 
substance  is  completely  carbonized ;  the  lid  is  then  removed,  and 
the  mass  stirred  with  a  piece  of  iron  wire.  Upon  this,  the  mass 
begins  to  ignite,  and  forms  a  mixture  of  oxide  of  lead  with  me- 
tallic lead,  and  which  may  still  contain  unconsumed  carbon.  The 
crucible  is  then  removed  from  the  flame,  a  few  crystals  of  nitrate  of 
lead  are  introduced  into  it,  and  the  crucible  is  again  covered  ;  the 
salt  thus  introduced  melts,  oxidizes  the  lead,  and  converts  it  par- 
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tially  into  nitrate ;  the  cracible  is  now  exposed  to  a  red-heat,  until 
the  evolution  of  hyponitric  acid  fumes  ceases  completely;  the 
oxide  thus  produced  is  finally  weighed,  when  cold.  This  modifi- 
cation of  the  original  method  yields  very  accurate  results.  It 
possesses  this  great  advantage,  that  it  ensures  the  complete  com- 
bustion of  the  whole  of  the  carbon  present  in  the  organic  com- 
pound ;  some  trouble  is  saved,  moreover,  in  weighing  and  cal- 
culation. 

5.  Determination  of  lead  as  sulphuret, 

a.  The  same  method  as  is  applied  for  the  determination  of 
silver  as  sulphuret  of  silver,  may  also  serve  for  the  determina- 
tion of  lead  as  sulphuret.  (Vide  §  86,  2.)  For  the  properties  of 
the  precipitated  sulphuret  of  lead,  vide  §  57. 

/3.  Should  the  precipitated  sulphuret  of  lead  be  contaminated 
with  sulphur,  it  is  to  be  converted  into  sulphate  of  lead.  For 
this  purpose  the  precipitate  is  dried  upon  the  filter,  and  subse- 
quently projected  into  a  beaker-glass,  into  which  the  filter  is  then 
likewise  introduced ;  pure  faming  nitric  acid  is  gradually  dropped 
upon  the  contents  of  the  glass,  keeping  the  latter  covered  with  a 
glass  plate.  When  the  oxidation  of  the  sulphuret  is  completed,  a 
gentle  heat  is  to  be  applied  for  some  time,  and  the  contents  of  the 
beaker- glass  are  subsequently  transferred  completely  into  a  small 
porcelain  dish  ;  a  few  drops  of  pure  sulphuric  acid  are  then  added, 
the  mixture  is  carefully  evaporated,  and  the  residue  finally  ignited. 
This  method,  if  properly  performed,  yields  accurate  results.  Should 
the  operator  attempt  to  oxidize  with  a  less  concentrated  than  the 
fuming  nitric  acid,  separation  of  sulphur  will  be  the  consequence, 
and  the  oxidation  of  this  will  require  long  protracted  heating  with 
the  nitric  acid  employed. 

§  88. 

3.   PROTOXIDE   OF   MERCURY. 

a.  Solution. 

Protoxide  of  mercury  and  its  salts  should  be  peroxidized  pre- 
viously to  their  solution,  since  it  is  difOicultto  obtain  a  solution  of 
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protoxide  entirely  free  from  admixture  of  peroxide.  The  protoxide 
or  protosalt  of  mercury  is,  for  this  purpose,  heated  for  some  time 
with  nitric  acid  in  excess,  some  hydrochloric  acid  added,  and  the 
application  of  heat  continued  until  a  perfectly  clear  solution  is 
produced.  All  the  proto-compounds  of  mercury,  and  also  the 
metal  itself,  may  be  readily  dissolved  in  this  manner. 

b.  Determination. 

It  follows  from  the  preceding  remarks,  that  the  determination 
of  the  protoxide  is  the  same  with  that  of  the  peroxide  of  mercury, 
which  will  be  found  in  the  next  paragraph.  For  the  separation 
of  the  protoxide  from  the  peroxide,  I  refer  to  §  127. 

§  89. 

4.   PEROXIDE   OF   MERCURY. 

a.  Solution. 

Peroxide  of  mercury  and  those  of  its  compounds  which  are 
insoluble  in  water,  dissolve  in  hydrochloric  acid.  Bisulphuret  of 
mercury  is  heated  with  hydrochloric  acid,  and  nitric  acid  added 
until  complete  solution  ensues. 

b.  Determination, 

Mercury  may  be  obtained  in  the  metallic  state,  or  as  proto- 
CHLORIDE  or  BISULPHURET.  In  somc  instances,  the  mercury  is 
expelled  from  the  analyzed  compound  by  ignition,  and  its  amount 
inferred  from  the  diminution  of  weight  which  the  ignited  com- 
pound suffers. 

The  methods  of  determining  mercury  as  metal,  protochloride, 
or  bisulphuret,  are  applicable  in  all  cases  without  exception ;  the 
latter,  however,  deserves  the  preference  in  most  instances,  on 
account  of  its  accuracy,  simplicity,  and  ready  execution. 

1.  Determination  as  metallic  mercury, 

a.  In  the  dry  way. 

The  process  is  conducted  in  the  apparatus  illustrated  by  Plate 
XXXIII. 
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PLATE    XXXIII. 


The  principal  part  of  the  apparatus  consists  of  a  tube  made  of 
difficultly  fusible  glass,  and  closed  at  one  end ;  this  tube  should 
be  1|^  foot  in  length,  and  from  3  to  4  lines  in  diameter.  Dry 
hydrate  of  lime  is  introduced  into  this  tube,  and  pushed  down  to 
the  end,  so  as  to  occupy  about  two  inches  in  length  (from  atob). 
The  mercurial  compound  to  be  analyzed  is  intimately  mixed  in  a 
mortar  with  an  excess  of  soda-lime,  (vide  §  40,  4,)  and  then 
introduced  into  the  tube,  when  it  is  made  to  occupy  the  place 
from  b  to  c;  those  portions  of  the  mixture  which  adhere  to  the 
mortar  are  removed  from  the  latter  with  the  aid  of  soda- lime,  and 
the  soda-lime  which  has  been  used  for  this  purpose  is  likewise 
introduced  into  the  tube,  so  as  to  occupy  the  place  from  c  to  d; 
a  layer  of  pure  soda-lime  is  then  placed  from  d  to  e,  and  a  loose 
stopper  of  pure  asbestos  is  pushed  down  the  tube,  so  as  to  occupy 
the  place  between  e  and/«  The  anterior  end  of  the  tube  is  finally 
drawn  out,  and  bent  at  a  somewhat  obtuse  angle.  The  manipu- 
lations requisite  to  perform  these  various  processes,  will  be  found 
described  in  detail,  §  149,  (elementary  organic  analysis).  A  few 
gentle  taps  upon  the  table  suffice  to  shake  together  the  contents 
of  the  tube  in  such  a  manner  as  to  leave  a  free  passage  above 
them  in  the  whole  length  of  the  tube* 

The  tube  thus  prepared  and  arranged  is  now  introduced  into  a 
combustion  furnace,  and  its  point  thrust  into  a  receiving  flask, 
filled  to  about  one-half  with  water ;  the  point  is  made  to  rest  upon 
the  surface  of  the  water  in  the  flask,  in  such  a  manner  as  partially 
to  close  the  aperture  of  the  tube.  The  tube  is  then  surrounded 
with  live  coals,  proceeding  slowly  from  e  towards  a,  as  in  organic 
analysis ;  the  last  traces  of  mercurial  vapor  are  finally  expeUed 
the  tube    by  heating  the  hydrated   lime   in  the  end  of   the 
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tube.  Whilst  the  tube  still  remains  red-hot^  the  neck  is  cut  off 
at  fy  and  carefully  rinsed  with  a  syringe  bottle^  transferring 
the  rinsing  water  into  the  receiving  flask ;  the  small  glo- 
bules of  mercury  which  have  distilled  over  into  the  latter^  are 
united  into  a  large  one,  by  agitating  the  flask,  and,  after  the 
lapse  of  some  time,  the  perfectly  clear  water  is  decanted  or  re- 
moved by  means  of  a  syphon,  and  the  mercury  projected  into  a 
weighed  porcelain  crucible,  when  the  water  still  adhering  to  it  is 
removed  with  blotting-paper.  The  mercury  is  finally  dried  under 
a  bell-jar,  by  the  side  of  a  vessel  containing  concentrated  sulphuric 
acid,  and  this  drying  process  continued — (but  entirely  without  the 
application  of  heat) — ^until  the  weight  of  the  mercury  ceases  to  vary. 
For  the  properties  of  this  metal,  vide  §  68.  This  method,  if  very 
properly  and  carefully  executed,  yields  accurate  results.  This  is 
more  particularly  the  case  with  the  somewhat  more  complicated 
modification  adopted  by  Erdmann  and  Marchand  for  the  deter- 
mination of  the  atomic  weight  of  mercury  and  of  sulphur.  (Jour- 
nal fiir  praktische  Chemie  XXXI.  page  385. — Fharmaceutisches 
Centralblatt,  1784,  page  354.) 

b.  In  the  humid  way. 

The  solution  of  the  compound  under  examination  is,  in  the  first 
place,  treated  with  hydrochloric  acid,  and  evaporated,  and  this 
process  repeated  several  times,  to  ensure  the  expulsion  of  the 
nitric  acid  which  may  be  present ;  the  solution  is  then  intro- 
duced into  a  flask,  free  hydrochloric  acid  added,  and  subse- 
quently a  clear  solution  of  protochloride  of  tin  in  excess,  which 
must  likewise  contain  free  hydrochloric  acid  ;  the  mixture  is 
then  boiled  for  some  time,  and  subsequently  allowed  to  cool. 
After  having  been  left  standing  at  rest  for  some  time,  the  per- 
fectly clear  supernatant  fluid  is  decanted  from  the  metallic  mer- 
cury, which,  if  the  process  has  fully  succeeded,  will  be  found 
united  into  one  globule  ;  should  this  be  the  case,  the  globule  of 
mercury  may  be  washed  at  once  by  decantation,  first  with  water 
acidulated  with  hydrochloric  acid,  and  finally  with  pure  water. 
The  washed  mercurv  is  then  further  treated  and  determined  as 


§   89.]  PEROXIDE   OF   MERCURY.  213 

sub.  a.  If,  on  the  other  hand,  the  particles  of  mercury  have  not 
united  into  one  globule,  they  are  (after  the  decantation  of  the 
clear  supernatant  fluid)  to  be  kept  boiling  for  a  few  minutes, 
-with  a  small  amount  of  moderately  diluted  hydrochloric  acid, 
which  will  generaUy  sufBce  to  attain  the  desired  end.  For  the 
properties  of  metallic  mercury,  vide  §  58 

Phosphorous  acid,  sulphurous  acid,  and  other  reducing  agents, 
may,  in  this  process,  be  substituted  for  the  protochloride  of  tin. 

This  method  yields  accurate  results,  but  it  requires  the  very 
greatest  care  in  the  performance  of  the  various  operations.  The 
resulting  figures  fall  generally  somewhat  short  of  what  they  ought 
to  be,  according  to  theoretical  calculation.  (Compare  Experiment 
-No.  61,  made  by  one  of  my  pupils.)  This,  however,  is  entirely 
owing  to  defective  execution  of  the  necessary  operations,  and  not 
by  any  means  to  defects  inherent  in  the  method,  and  the  generally 
received  notion,  viz.  that  a  small  portion  of  mercury  escapes 
during  the  operations  of  boiling  and  drying,  is  quite  erroneous. 
(Experiment  No.  42.) 

2.  Determination  as  protochloride  of  mercury. 

The  solution  of  the  compound  under  examination  is  mixed  with 
hydrochloric  acid,  should  it  not  already  contain  this  acid ;  solution 
of  potass  is  then  added,  until  the  excess  of  the  acid  is  nearly  neutra- 
lized ;  the  solution  is  now  mixed  with  formiate  of  soda  in  excess, 
and  kept  standing  at  rest  for  four  days,  at  a  temperature  of  from 
140°  to  176°.  After  the  lapse  of  this  time,  the  fluid  is  filtered  off 
from  the  precipitated  protochloride  of  mercury,  and  the  latter  col- 
lected upon  a  weighed  filter,  which  has  previously  been  dried  at 
212°.  The  filtrate  is  again  kept  standing  for  twenty-four  hours, 
at  a  temperature  of  from  140°  to  176°;  and  should  a  new  preci- 
pitate form,  this  is  added  to  the  first,  and  the  same  process  re- 
peated, until  the  filtrate  remains  perfectly  clear.  The  whole  of 
the  precipitate  is  then  washed,  dried  at  212°,  and  weighed.  This 
method  is  extremely  tedious,  and  requires  moreover  the  strictest 
care  and  attention  in  the  performance  of  the  various  operations ; 
its  application  is  therefore  almost  exclusively  confined  to  the  sepa- 
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ration  of  mercury  from  certain  metals.  The  operator  must  take 
particular  care  to  confine  the  temperature  to  170^^  since  other- 
wise metallic  mercury  might  separate ;  should  this  be  the  case, 
the  precipitate  will  exhibit  a  greyish  appearance,  and  the  experi- 
ment must,  under  such  circumstances,  be  considered  a  failure. 

3.  Determination  as  hisulphuret  of  mercury, 

a.  The  solution  of  the  persalt  of  mercury  under  examination 
is  free  from  nitric  acid. 

The  solution  is  slightly  acidified  with  hydrochloric  acid,  should 
it  not  already  be  so,  introduced  into  a  flask  with  ground  stopper, 
and  mixed  with  a  recently  prepared  clear  saturated  solution  of 
sulphuretted  hydrogen  in  slight  excess,  so  that  the  odor  of  sul* 
phuretted  hydrogen  is  clearly  perceptible,  after  agitating  the 
flask ;  the  latter  is  then  stoppered,  and  the  precipitated  hisulphuret 
allowed  to  subside. 

h,  Tfie  amount  of  mercury  present  is  so  considerable ^  that  its 
precipitation  would  require  a  very  large  portion  of  sulphuretted 
hydrogen  water.  Washed  sulphuretted  hydrogen  gas  (§  36,  2) 
is  substituted  for  the  water ;  the  gas  is  transmitted  through  the 
moderately  dilute  solution  of  the  compound  under  examination. 

c.  The  solution  contains  nitric  acid. 

Potass  is  added  to  the  solution  until  the  acid  is  nearly  neutra- 
lized ;  the  fluid  is  then  mixed  with  a  clear  solution  of  cyanide 
of  potassium  in  excess,  and  the  mercury  finally  precipitated  either 
with  sulphuretted  hydrogen  water,  or  colorless  hydrosulphuret 
of  ammonia,  or  by  transmitting  sulphuretted  hydrogen  gas 
through  it. 

The  precipitate  formed  in  either  case  is  allowed  to  subside,  col- 
lected upon  a  weighed  filter,  quickly  washed  with  cold  water,  dried 
at  212^,  and  weighed. 

Should  the  precipitate  happen  to  contain  free  sulphur,  (owing 
to  the  presence  of  peroxide  of  iron,  chromic  acid,  &c.,  &c.,  or  to 
whatever  other  cause,)  it  is  to  be  introduced,  whilst  still  moist 
upon  the  filter,  into  a  small  flask,  hydrochloric  acid  added, 
heat  applied,  and  nitric  acid  dropped  into  the  mixture  until  the 
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sulphur  which  remains  undissolved  appears  of  a  pure  yellow  color. 
The  mixture  is  then  diluted  with  water,  the  fluid  filtered  oflf  from 
the  sulphur,  and  the  filtrate  treated  as  directed  suh.  c. 

For  the  properties  of  the  precipitate,  vide  §  58. 

This  method,  if  properly  and  carefully  conducted,  yields  ex- 
ceedingly accurate  results,  and  is  in  my  opinion  preferable  to  the 
other  methods. 

§  90. 

6.   OXIDE   OF  COPPER. 

a.  Solution. 

Most  of  the  compounds  of  oxide  of  copper  dissolve  in  water. 
Metallic  copper,  oxide  of  copper,  and  those  of  its  salts  which  are 
insoluble  in  water,  are  to  be  dissolved  in  dilute  nitric  acid.  Sul- 
phuret  of  copper  is  heated  with  moderately  dilute  nitric  acid 
until  the  sulphur  which  separates  appears  of  a  pure  yellow  color ; 
the  addition  of  hydrochloric  acid  promotes  this  decomposition 
greatly. 

h.  Determination, 

Copper  is  usually  weighed  in  the  form  of  oxide,  (§  59.)  Into 
this  form  it  is  either  converted  by  direct  precipitation  or  ignition ; 
or  it  is,  in  the  first  place,  precipitated  as  sulphuret  of  copper. 
The  amount  of  copper  present  in  a  solution  may  also  be  deter- 
mined by  means  of  metallic  copper ;  it  is  in  this  case,  inferred 
from  the  amount  of  metal  required  to  convert  a  solution  of  oxide 
into  a  solution  of  sub-oxide  of  copper. 

We  may  determine 

1.   AS   OXIDE   OF   COPPER. 

a.  By  precipitation  as  such, 

p.  By  precipitation  after  pre- 
of.  By  direct  precipitation,  vious  ignition   of   the  com- 

pound. 
All  salts  of  the  oxide  of  cop-         The  salts  enumerated  sub.  a., 
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per  which  are  solable  in  water,  if  containing  a  non-volatile  or- 

and  likewise  those  of  the  inso-  ganio  substance  in  admixture, 

luble  salts,  the  acids  of  which  (and  thus  particularly  salts  of 

may  be  removed  upon  their  so-  copper  with  non-volatile  organic 

lution  in  nitric  acid,  provided  acids), 
no    non-volatile    organic    sub- 
stance be  present. 

>.  By  precipitation  cu  sul-  c.  By  ignition. 

phuret  of  copper. 
All  combinations  without  ex-         Salts  of  copper  with  readily 
ception.  volatile,  or  at  a  high  temperature 

readily  decomposable  oxygen 
acids,  (carbonate  of  copper,  ni- 
trate of  copper.) 

2.   BY  MEANS   OF   METALLIC   COPPER. 

All  salts  of  oxide  of  copper  without  exception. 

The  method  is  particularly  adapted  for  technico-chemical 
purposes. 

1.  Determination  as  oxide  of  copper. 

a.  By  direct  precipitation  as  such. 

a.  From  neutral  or  acid  solutions. 

The  moderately  dilute  solution  of  the  compound  under  examina- 
tion is  heated  (most  advantageously  in  a  porcelain  dish)  to  inci- 
pient ebullition,  and  slightly  diluted  pure  potass  ley  added  until, 
upon  further  addition,  it  fails  to  cause  the  formation  of  a  preci- 
pitate ;  the  fluid  is  kept  for  a  few  minutes  longer  at  a  temperature 
approaching  ebullition. 

After  allowing  some  time  for  the  subsidence  of  the  precipitate, 
the  fluid  is  filtered  off,  the  precipitate  collected  upon  the  filter, 
thoroughly  w^ed  with  hot  water,  dried,  and  intensely  ignited 
in  a  platinum  crucible.  (§81.)  The  filter-ashes  are  added  to 
the  contents  of  the  crucible,  which  is  then  placed  under  a  bell- 
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glass,  by  the  side  of  a  vessel  containing  concentrated  sulphuric  acid ; 
the  crucible,  whilst  still  slightly  warm  to  the  touch,  is  finally 
weighed  with  the  greatest  possible  expedition. 

Should  particles  of  the  oxide  of  copper  adhere  so  pertinaciously 
to  the  porcelain  dish,  that  mechanical  appliances  fail  to  remoye 
them,  the  dish  is  to  be  thoroughly  washed  in  the  first  place,  and 
the  adhering  particles  of  oxide  are  subsequently  to  be  dissolved 
with  a  few  drops  of  nitric  acid ;  the  solution  thus  obtained  is 
poured  upon  the  principal  mass  of  the  precipitated  oxide,  and  the 
latter  again  evaporated  to  dryness,  previously  to  its  ignition. 

For  the  properties  of  the  precipitate,  vide  §  59. 

This  method,  if  properly  and  carefully  executed,  yields  very 
accurate  results ;  defective  performance  of  the  various  operations 
may  produce  figures  either  exceeding  or  falling  short  of  those 
theoretically  calculated.  Thus,  if  the  solution  be  not  sufficiently 
dilute,  the  precipitate  will  fail  to  throw  down  the  whole  of  the 
oxide  of  copper  present;  on  the  other  hand,  if  the  precipitate 
be  not  thoroughly  washed  with  hot  water,  it  will  retain  potass  in 
admixture ;  if  the  ignited  precipitate  be  not  weighed  quickly,  but 
allowed  to  stand  exposed  to  the  air,  its  weight  will  be  increased, 
&c.  &c.     (Compare  §  69.) 

The  fluid  filtered  off  from  the  precipitate  should  invariably  be 
tested  for  copper  with  sulphuretted  hydrogen  water.  Should 
(notwithstanding  the  strictest  compliance  with  the  above  in- 
struction) the  addition  of  this  reagent  produce  a  precipitate  or 
a  brown  coloration  of  the  fluid,  this  may  be  considered  a  sign 
of  the  presence  of  organic  matter.  In  this  case  the  filtrate  is 
to  be  concentrated  by  evaporation,  and  subsequently  precipitated 
with  sulphuretted  hydrogen  water;  the  precipitated  sulphuret 
of  copper  is  washed,  treated  as  directed  sub.  r.,  and  the  oxide  of 
copper  obtained,  is  added  to  the  principal  precipitate. 

/?•  From  alkaline  solutions. 

Ammoniacal  solutions  of  oxide  of  copper  may  likewise  be  pre- 
cipitated with  potass.  The  process  is  the  same  with  that  de- 
scribed sub.   a.,  with   this  difference  that,   after  the  complete 
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precipitation  of  the  oxide  of  copper,  the  menstnium  is  to  be 
heated  until  the  supemataDt  fluid  is  perfectly  colorless,  when 
it  is  to  be  filtered  off  with  the  greatest  possible  expedition.  Were 
the  fluid  allowed  to  cool  while  still  containing  the  precipitate, 
part  of  the  latter  would  redissolve. 

b.  By  precipitation  as  oxide  after  previous  ignition  of  the 
substance  to  be  analysed. 

a.  The  compound  under  examination  is  heated  in  a  porcelain 
crucible  until  the  organic  substance  present  is  completely  de- 
stroyed ;  the  residue  is  thus  dissolved  in  dilute  nitric  acid,  and 
the  solution  cleared  by  filtration,  should  this  be  required.  The 
clear  solution  is  finally  treated  as  directed  sub  a.,  a.^  or  it  is  eva- 
porated, and  the  residue  treated  as  directed  sub.  d, 

j8.  In  salts  of  copper  with  organic  acids  the  detenninalion  of 
the  copper  may  also  frequently  be  effected  in  the  following 
manner :  the  ignited  residue  is  moistened  with  nitric  acid,  eva- 
porated, moistened  once  more  with  nitric  acid,  evaporated  again, 
and  finally  carefully  ignited.  The  latter  method,  however,  is 
generally  attended  with  a  trifling  loss,  owing  to  traces  of  the 
salt  being  liable  to  be  carried  off  during  ignition^  (vide  §  74, 
2,  *.) 

c.  By  precipitation  as  sulphuret  of  copper. 

The  solution  of  the  compound  under  examination  is  precipi- 
tated either  with  a  saturated  solution  of  sulphuretted  hydrogen, 
or  by  transmitting  sulphuretted  hydrogen  gas  through  it  The 
application  of  the  one  or  the  other  method  of  precipitation  de- 
pends upon  the  larger  or  smaller  amount  of  copper  present ;  the 
fluid  is  speedily  filtered  off  from  the  precipitated  sulphuret  of 
copper,  and  the  latter  washed  with  water  impregnated  with 
sulphuretted  hydrogen ;  the  washed  precipitate  is  then  dried  in 
the  filter,  and  the  latter  subsequently,  after  the  transfer  of  its 
contents  into  a  beaker-glass,  incinerated  upon  a  small  porcelain 
dish,  and  its  ashes  added  to  the  precipitate  in  the  glass ;  this  is 
then  drenched  with  moderately  dilute  nitric  acid,  some  hydro- 
chloric acid  added,  and  a  gentle  heat  applied  until  the  precipi- 
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tated  sulphur  appears  of  a  pure  yellow  color ;  the  fluid  is  then 
diluted  with  water^  filtered  off  from  the  sulphur,  and  the  filtrate 
precipitated  as  directed  suh.  a. 

d.  By  ignition. 

The  salt  to  he  analysed  is  introduced  into  a  platinum  or  por- 
celain crucible^  and  the  latter  exposed  to  a  gentle  heat  which 
is  gradually  increased  to  intense  redness ;  the  residue  is  finally 
weighed.  This  method,  if  properly  executed,  yields  very  accurate 
results. 

2«  Determination  by  means  of  metallic  copper. 

a.  The  solution  of  oxide  of  copper  is  introduced  into  a  bottle 
provided  with  a  glass  stopper,  and  ammonia  added  in  excess; 
the  solution,  upon  this,  will  appear  perfectly  clear  and  of  an  azure 
blue  color.  The  bottle  is  then  nearly  filled  with  water  fi-eed  from 
atmospheric  aii  by  ebullition,  and  a  perfectly  clean,  accurately 
weighed  slip  of  copper  placed  into  the  bottle,  which  is  then  to 
be  tightly  stoppered,  and  kept  standing  at  rest  at  the  common 
temperature  until  the  fluid  is  perfectly  colorless.  The  slip  of 
copper  is  now  withdrawn,  carefully  washed,  dried,  and  weighed. 
The  diminution  of  weight  which  it  has  suffered  in  the  process 
indicates  the  amount  of  copper  originally  present  in  the  solution. 
The  results  are  very  accurate,  provided  the  process  be  properly 
conducted.  This  method  has,  however,  this  great  disadvantage; 
that  it  requires  generally  three  or  four  days,  and  in  many  in- 
stances, even  a  longer  period.  It  is  obvious  that  it  is  utterly 
inapplicable  in  cases  where  the  solution  contains  metals  precipi- 
table  by  copper. 

b.  The  copper  contained  in  a  solution  of  chloride  of  copper 
free  &om  nitric  acid,  may  be  determined  also  in  the  following  man- 
ner. The  moderately  diluted  solution  is  mixed  with  free  hydro- 
chloric acid ;  this  mixture  is  introduced  into  a  long-necked  flask, 
aud  boiled  therein  in  contact  with  an  accurately  weighed  slip  of 
clean  copper  until  the  solutions  are  perfectly  colorless ;  the  slip 
of  copper  is  then  withdrawn,  carefully  washed,  dried,  and 
weighed. 


t 
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This  method  is  more  expeditious  but  less  accurate  than  that 
described  sub.  2  a. 

h  91. 

6.   OXIDE   OF  BISMUTH. 

a.  Solution. 

Metallic  bismuth,  oxide  of  bismuth,  and  all  other  compounds 
of  bismuth,  are  most  advantageously  dissolved  in  dilute  nitric 
acid. 

h.  Determination. 

Bismuth  is  invariably  weighed  in  the  form  of  oxide,  (§60). 

Into  this  form  the  compounds  of  bismuth  are  converted  either 
by  ignition,  by  precipitation  as  carbonate,  or  preceded,  in  some 
instances,  by  precipitation  as  sulphuret. 

We  may  convert  into 

OXIDE   OF  BISMUTH. 

a.  By  precipitation  as  carbo-  b.  By  ignition. 

nate  of  bismuth.  a.    Salts    of   bismuth    with 

All  those  compounds  of  bis-  readily  volatile  oxygen  acids, 
muth   which  dissolve  in  nitric         /8.  Salts  of  bismuth  with  or- 

acid  as  nitrate  of  bismuth,  yield-  ganic  acids, 
ing  a  solution  perfectly  free  from 
any  other  acid. 

c.  By  precipitation  as  sulphuret  of 
bismuth. 
This  method  is  applied  in  all  cases  where 
the  direct  application  of  a.  or  b.  is  inadmis- 
sible. 
1.  Determination  of  bismuth  as  oxide, 
a.  By  precipitation  as  carbonate  of  bismuth. 
Should  the  solution  of  the  salt  of  bismuth  under  examination 
be  too  concentrated,  it  is,  in  the  first  place,  to  be  diluted  with 
water,  no  matter  whether  basic  nitrate  of  bismuth  precipitates 
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upon  their  dilution  or  not  The  dilute  solution  is  then  mixed 
with  carbonate  of  ammonia  in  excess,  heated  for  a  short  time, 
nearly  to  ebullition,  and  the  fluid  subsequently  filtered  off  firom 
the  precipitated  carbonate  of  bismuth,  which  latter  is  collected 
upon  the  filter,  dried,  and  ignited,  exactly  as  directed  §  87. 
(Ignition  of  carbonate  of  lead.)  The  process  of  ignition  converts 
the  carbonate  of  bismuth  into  the  pure  oxide.  For  the  proper- 
ties of  the  precipitate  and  residue,  vide  §  60.  This  method,  if 
properly  executed,  yields  very  accurate  results,  although  a  very 
trifling  loss  occurs  in  most  instances,  owing  to  the  circumstance 
that  carbonate  of  bismuth  is  not  absolutely  insoluble  in  carbonate 
of  ammonia. 

This  method,  as  already  stated,  is  inapplicable  to  solutions  of 
salts  of  bismuth,  which,  besides  the  solvent,  (nitric  acid,)  contain 
other  acids.  If  it  were  attempted,  for  instance,  to  precipitate  in 
this  manner,  a  solution  of  bismuth  containing  sulphuric  acid,  or 
hydrochloric  acid,  the  precipitate  would  contain,  in  the  former 
case,  an  admixture  of  basic  sulphate;  in  the  latter,  of  basic 
chloride  of  bismuth.  Were  the  precipitate  filtered  off,  without 
previous  application  of  heat,  part  of  the  basic  carbonate  of  bis- 
muth would  remain  in  solution,  and  thus  a  considerable  loss 
would  be  incurred.     (Compare  Experiment  No.  62.) 

b.  By  ignition. 

a.  Compounds  like  carbonate  or  nitrate  of  bismuth  are  ignited 
in  a  porcelain  crucible  until  their  weight  ceases  to  diminish. 

p.  Compounds  of  bismuth  with  organic  acids  are  treated  like 
the  correponding  compound  of  oxide  of  copper,  vide  §   90,  1 

e.  By  precipitation  as  sulphuret  of  bismuth. 

The  solution  of  the  compound  under  examination  is  diluted 
with  water,  slightly  mixed  with  acetic  acid,  (to  prevent  the  sub- 
sequent precipitation  of  basic  salt,)  and  precipitated  with  sulphu- 
retted hydrogen  either  as  gas  or  in  solution ;  the  fluid  is  filtered 
off  from  the  precipitated  sulphuret  of  bismuth,  and  the  latter 
carefully  washed.    Another  method  of  precipitating  bismuth  as 
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sulphuret  is,  to  mix  the  diluted  solution  with  ammonia  to  com- 
plete neutralization  of  the  free  aoid  present,  and  then  to  add 
sulphuret  of  ammonium  in  excess. 

The  precipitated  sulphuret  of  hismuth  may  he  weighed  as  such 
if  the  operator  has  every  reason  to  be  perfectly  convinced  that  no 
free  sulphur  has  been  precipitated  in  conjunction  with  the  sul- 
phuret. But  as  the  solutions  of  the  salts  of  bismuth  contain 
generally  much  free  nitric  acid,  which  may  readily  cause  the 
decomposition  of  part  of  the  sulphuretted  hydrogen  used  as  pre- 
cipitant, it  is  invariably  the  safest  way  to  convert  the  sulphuret 
into  oxide. 

For  this  purpose  the  filter,  with  the  washed  and  still  moist 
precipitate,  is  introduced  into  a  beaker-glass,  moderately  concen- 
trated nitric  acid  poured  over  it,  and  heat  applied  until  the 
sulphuret  of  bismuth  is  completely  decomposed ;  the  solution  is 
then  diluted  with  water  slightly  acidulated  with  acetic  or  nitric 
acid,  and  filtered ;  the  filter  is  washed  with  the  same  kind  of  acidu- 
lated water,  and  the  filtrate  finally  precipitated  as  directed  sub.  a, 

§  92. 

7.    OXIDE    OF   CADMIUM. 

a.  Solution, 

Cadmium,  oxide  of  cadmium,  and  all  those  of  its  compounds 
which  are  insoluble  in  water,  are  dissolved  in  hydrochloric  or 
nitric  acid. 

b.  Determination, 

I  Cadmium  is  weighed  either  as  oxide,  or  as   sulphuret  of 

I  cadmium,  (§  61.) 

We  may  convert  into 

1.    OXIDE   OF   cadmium. 

a.  By  precipitation,  b.  By  ignition. 

•  All  the  compounds  of  cad-         Salts  of  cadmium  with  readily 
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mium   soluble    in    water,    and    volaUlo  or  easily  decomposable 
those  '  of   the    insolable   com-     inorganic  oxygen  acids, 
pounds,  the  acid  of  which  is  re- 
moved upon  solution  in  hydro- 
chloric acid;    likewise  salts  of 
cadmium  with  organic  acids. 

2.    SULPHDRET  OF   CADMIUM. 

All  compounds  of  cadmium  without  exception. 

1.  Determination  (18  oxide  of  cadmium, 
a.  By  precipitation. 

The  solution  of  the  compound  under  examination  is  precipi- 
tated with  carbonate  of  potass,  and  the  precipitated  carbonate 
of  cadmium  washed,  dried,  and  ignited.  The  process  of  igni- 
tion converts  the  carbonate  into  the  pure  oxide  of  cadmium.  For 
the  details,  accuracy,  &c.,  of  the  method,  vide  §  80,  (zinc.)  For 
the  properties  of  the  precipitate  and  residue,  vide  §  61. 

h.  By  ignition. 

The  same  method  is  pursued  as  described  §  80  c.  (zinc.) 

2.  Determination  as  sulphuret  of  cadmium. 

Neutral  or  acid  solutions  are  precipitated  with  sulphuretted 
hydrogen  gas,  or  with  sulphuretted  hydrogen  water;  alkaline 
solutions  are  precipitated  with  sulphuret  of  ammonium.  The 
precipitate  is  collected  upon  a  weighed  filter,  washed,  dried  at 
212**,  and  weighed.  For  the  properties  of  the  precipitate,  vide 
§  61.     The  results  are  accurate. 

Should  the  precipitated  sulphuret  of  cadmium  contain  an  ad- 
mixture of  free  sulphur,  it  must  be  converted  into  nitrate  or 
chloride  of  cadmium,  and  subsequently  precipitated  as  carbonate. 
For  the  details,  vide  §  80,  h.  (zinc.) 
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SIXTH  GROUP. 

PEROXIDE  OF  GOLD — PEROXIDE  OF  PLATlNUM^-OXIDE  OF  ANTI' 
MONY  —  PEROXIDE  OF  TIN — PROTOXIDE  OF  TIN — ARSENIOUS 
AND   ARSENIC   ACID. 


1.    PEROXIDE   OF  GOLD. 

a.  Solution. 

Metallic  gold  and  all  those  compounds  of  gold  which  are  in- 
soluble in  water,  are  heated  with  hydrochloric  acid,  and  nitric 
acid  gradually  added  until  complete  solution  ensues. 

b.  Determination. 

Gold  is  invariably  weighed  in  its  pure  metallic  state,  to  which 
its  compounds  are  reduced  by  ignition,  or  by  precipitation  as  me- 
tallic gold,  or  lastly,  by  precipitation  as  sulphuret  of  gold  with 
subsequent  ignition. 

We  may  convert  into 

METALLIC    GOLD. 

a.  By  ignition.  b.  By  precipitation  as  metallic 

gold. 

All   those    combinations    of  All    compounds     of     gold 

gold,  which   contain  no  fixed     without   exception. — This  me- 
acid.  thod  is   applied    in    all  cases 

where  the  application  of  a.  is 
inadmissible. 
c.  By  precipitation  as  sulphuret  of  gold. 
This  method  serves  to  separate  gold  in  solution 
from  certain  other  metals. 
Determination  as  metallic  gold, 
a.  By  ignition. 
The  compound  under  examination  is  heated  in  a  covered 
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porcelain  or  platinum  crucible,  gently  at  first,  finally  to  redness, 
and  the  residuary  pure  gold  weighed.  For  the  properties  of  this, 
vide  §  62.    The  results  are  exceedingly  accurate. 

b.  By  precipitation  as  metallic  gold. 

a.  The  solution  of  gold  is  free  from  nitric  acid. 

The  solution  is  mixed  with  some  hydrochloric  acid, — should  it 
not  ahready  contain  this  acid  in  a  free  state, — and  a  clear  solution 
of  protosulphate  of  iron  added  in  excess.  A  gentle  heat  is  then 
applied,  and  maintained  for  several  hours,  until  the  precipitated 
fine  gold  powder  has  completely  subsided  ;  the  fluid  is  then 
filtered  off  from  the  gold,  and  the  latter  washed,  dried,  and 
ignited.  (§  32.)  The  precipitation  is  most  advantageously  efiected 
in  a  porcelain  dish,  as  a  vessel  of  this  description  permits  the 
removal  of  the  heavy  and  fine  gold  powder  by  rinsing  more 
readily  than  a  beaker-glass.  This  method,  if  properly  executed, 
yields  very  accurate  results. 

p.  The  solution  of  gold  contains  nitric  acid. 

The  solution  is  evaporated  in  the  water-bath  to  a  syrupy  con- 
sistence^ adding  from  time  to  time,  during  the  evaporation,  a 
fresh  amount  of  hydrochloric  acid;  the  residue  is  dissolved  in 
water  acidulated  with  hydrochloric  acid,  and  the  solution  treated 
as  directed  sub.  a.  It  may  happen  that  during  the  process  part 
of  the  perchloride  of  gold  is  decomposed  into  protochloride 
and  metallic  gold ;  the  latter  will  remain  undissolved  when  the 
residue  is  treated  with  the  acidulated  water ;  this,  however,  does 
not  require  the  slightest  modification  of  the  method. 

y.  In  cases  where  it  is  desirable  to  avoid  the  presence  of  iron  in 
the  filtrate,  the  analysed  compound  of  gold  may  be  reduced  with 
oxalic  acid.  For  this  purpose,  the  solution — (being  previously 
freed  from  nitric  acid,  if  necessary — ^vide  P,) — ^is  introduced  into 
a  beaker-glass,  and  mixed  with  oxalate  of  ammonia  in  excess ;  some 
hydrochloric  acid  is  added,— «>should  this  not  be  present  already  ,-^and 
the  vessel,  covered  with  a  glass  plate,  kept  standing  for  two  days  in 
a  moderately  warm  place ;  after  the  lapse  of  this  time,  the  whole 
of  the  gold  present  will  be  found  to  have  separated  in  small  yellow 
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scales  ;  the  supernatant  fiaid  is  then  filtered  off  from  the  gold, 
and  the  latter  washed,  dried,  and  ignited. 

c.  By  precipitation  cu  aulphuret  of  gold* 

Sulphuretted  hydrogen  gas  is  transmitted  in  excess  through  the 
dilute  solution  of  the  compound  under  examination ;  the  precipi- 
tate formed  is  speedily  filtered  off,  washed,  dried,  and  ignited  in  a 
porcelain  or  platinum  crucible.  For  the  properties  of  the  precipi- 
tate, vide  §  62.    The  results  are  accurate. 

§  94. 

2.   PEROXIDE   OF  PLATINUM. 

a.  Solution. 

Metallic  platinum,  and  those  of  the  platinum  compounds  which 
are  insoluble  in  water,  are  dissolved  by  digestion  with  aqua  regia^ 
at  a  gentle  heat. 

h.  Determination, 

Platinum  is  invariably  weighed  in  the  pure  metallic  state  to 
which  its  compounds  are  reduced,  either  by  direct  ignition  or  by 
precipitation  as  chloride  of  platinum  and  ammonium,  chlo- 
ride OF  platinum   and   potassium,  or  SULPHURET  OF  PLATINUM, 

and  subsequent  ignition.  All  the  compounds  of  platinum  without 
exception  may,  in  most  cases,  be  reduced  to  the  metallic  state  by 
either  of  these  methods.  Which  is  the  most  advantageous 
process  to  be  pursued  in  special  instances,  depends  entirely 
upon  the  circumstances  of  particular  cases.  The  reduction  of 
platinum  compounds  to  the  metallic  state  by  simple  ignition, 
is  preferable  to  the  other  methods,  in  all  cases  where  its  appli- 
cation is  admissible.  The  method  of  converting  into  snlphuret 
of  platinum  is  used  exclusively  to  separate  platinum  firom  other 
metals. 

Determination  as  metallic  platinum. 

a.  By  precipitation  as  chloride  of  platinum  and  ammonium. 
{Ammonio'Chloride  of  platinum.) 

The  solution  of  the  compound  under  examination  is  introduced 
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into  a  beaker-glass,  and  mixed  with  ammonia,  until  the  excess  of 
acid — ^if  there  be  any  present — is  nearly  neutralized ;  sal  ammo- 
niac is  then  added  in  excess,  and  the  fluid  mixed  with  a  con- 
siderable amount  of  absolute  alcohol.  Should  the  solution  of  the 
platinum  compound  be  very  dilute,  it  is  to  be  concentrated  pre- 
viously to  the  addition  of  the  alcohol.  The  vessel  is  then  covered 
with  a  glass  plate,  and  allowed  to  stand  for  the  space  of  twenty- 
four  hours,  when  the  precipitated  double  chloride  will  be  found  to 
have  completely  subsided ;  the  fluid  is  now  filtered  off  from  the 
precipitate,  collected  upon  a  filter,  (which  need  not  be  tared,)  tho- 
roughly washed  with  spirits  of  wine  of  80°,  carefully  dried,  ignited, 
and  weighed. 

The  process  of  ignition  is  conducted  in  the  following  manner : 
the  dry  precipitate,  wrapped  up  in  the  filter,  is  introduced  into  a 
weighed  platinum  crucible,  which  is  then  covered,  and  exposed 
to  a  gentle  heat,  until  the  disengagement  of  fames  of  sal  am- 
moniac ceases  completely ;  the  lid  is  then  removed,  the  crucible 
placed  obliquely,  (§  32,)  and  the  filter  incinerated,  which  latter 
operation  may  be  aided  by  moistening  with  a  few  drops  of  nitric 
acid.  The  process  is  finally  concluded  by  applying  an  intense 
heat  for  some  time.  For  the  properties  of  the  precipitate  and 
residue,  vide  §  63.  The  results  are  very  satisfactory,  although  a 
trifling  loss  is  generally  incurred,  since  ammonio-chloride  of  pla- 
tinum is  not  entirely  insoluble  in  spirits  of  wine.  (Experiment 
No.  11.)  If  the  operator  be  not  particularly  carefiil  to  apply  only 
a  moderate  degree  of  heat  during  the  first  stage  of  the  process  of 
ignition,  it  may  also  happen  that  traces  of  the  yet  undecomposed 
double  chloride  are  carried  ofi*  with  the  fumes  of  sal  ammoniac. 

Were  the  precipitated  ammonio-chloride  of  platinum  weighed  as 
such,  the  results  would  be  inaccurate,  since  (as  I  have  convinced 
myself  by  direct  experiments)  it  is  impossible  to  wash  the  double 
chloride  with  spirits  of  wine  sufficiently  to  free  it  entirely  from  the 
sal  ammoniac  thrown  down  in  conjunction  with  it,  without  dis- 
solving, at  the  same  time,  a  perceptible  portion  of  the  ammonio- 
chloride  of  platinum. 

Q  2 
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b.  By  precipitation  as  chloride  of  platinum  and  potassium, 
{potassio-chloride  of  platinum,) 

The  solution  of  the  compound  under  examination  is  introduced 
into  a  beaker-glass,  and  mixed  with  potass,  until  the  greater  part 
of  the  excess  of  acid  (if  there  be  any)  is  neutralized ;  chloride  of 
potc^sium  is  then  added  slightly  in  excess^  and  finally  a  consider- 
able portion  of  absolute  alcohol.  The  mixture  is  allowed  to 
stand  for  the  space  of  twenty-four  hours,  when  the  precipitated 
double  chloride  will  be  found  to  have  completely  subsided.  The 
fluid  is  then  filtered  off,  and  the  precipitate  collected  upon  a 
weighed  filter,  washed  with  spirits  of  wine  of  70*^,  thoroughly 
dried  at  212^,  and  weighed.  A  portion  of  the  dried  precipitate 
is  now  introduced  into  a  weighed  bulbous  tube,  the  ends  of 
which  are  subsequently  cleaned  with  the  beard  of  a  quill ;  the 
tube  is  weighed  again,  to  ascertain  the  exact  amount  of  potassio- 
chloride  of  platinum  which  it  contains.  The  tube  is  now  con- 
nected with  an  apparatus  evolving  dry  hydrogen  gas,  (Plate 
XXXI.),  and  its  contents  are  heated  to  redness,  until  the 
ensuing  evolution  of  hydrochloric  acid  vapor  ceases  completely ; 
(this  may  be  readily  ascertained  by  approaching  the  end  of 
the  tube  with  a  glass  rod,  moistened  with  ammonia).  The  con- 
tents of  the  bulb  are  then  allowed  to  cool,  the  tube  is  removed 
from  the  apparatus,  and  filled  with  water ;  the  solution  of  chloride 
of  potassium  which  is  foimed  is  carefully  decanted,  and  the 
residuary  platinum  thoroughly  washed.  The  tube  is  again  con- 
nected with  the  apparatus,  and  heated  in  a  stream  of  hydrogen 
gas;  when  perfectly  dry,  it  is  weighed.  By  subtracting  the 
original  weight  of  the  empty  tube  from  that  which  it  is  now 
found  to  possess,  the  exact  weight  of  the  platinum  contained 
in  it  will  be  ascertained ;  and  this  is  then  to  be  calculated  upon 
the  whole  of  the  precipitated  potassio-chloride  of  platinum. 

For  the  properties  of  the  precipitate  and  residue,  vide  §  63. 
The  results  are  more  accurate  than  those  obtained  by  method  a., 
since,  on  the  one  hand,  the  potassio-chloride  of  platinum  is  more 
insoluble  in  spirits  of  wine  than  the  ammonio-chloride ;  and,  on 
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the  Other  hand,  because  loss  of  substance  is  less  likely  to  arise 
during  ignition^  than  in  method  a.  The  results  would  be  less 
accurate  were  the  ignition  effected  in  a  crucible,  since  in  that  case 
complete  decomposition  would  not  ensue,  at  least  not  if  the 
amount  of  substance  operated  upon  be  considerable.  Were  the 
precipitated  potassio- chloride  of  platinum  weighed  as  such,  the 
results  obtained  would  be  inaccurate,  since  washing  with  spirits 
of  wine  fails  to  free  this  double  cbloride  entirely  from  the  chloride 
of  potassium  thrown  down  in  conjunction  with  it. 

c.  By  precipitation  as  sulphuret  of  platinum* 

The  solution  of  the  compound  under  examination  is  precipi- 
tated— (according  to  its  greater  or  less  amount) — either  with  sul- 
phuretted hydrogen  gas,  or  with  sulphuretted  hydrogen  water; 
the  mixture  is  heated  to  incipient  ebullition,  the  fluid  "filtered  ofi 
from  the  precipitate,  and  the  latter  collected  upon  the  filter, 
washed,  dried,  and  ignited.  (§  32.)  For  the  properties  of  the 
precipitate  and  residue,  vide  §  63.     The  results  are  accurate. 

d*  By  ignition. 

The  compound  under  examination  is  heated,  in  a  porcelain  or 
platinum  crucible,  gently  at  first,  finally  to  ignition,  and  the 
residuary  pure  platinum  weighed.  For  the  properties  of  the  latter, 
vide  §  63.    The  results  are  exceedingly  accurate. 

§  95. 

3.   OXIDE   OF  ANTIMONY. 

a.  Solution. 

Oxide  of  antimony,  and  those  of  its  compounds  which  are 
insoluble  in,  or  decomposable  by  water,  are  dissolved  in  hydro- 
chloric acid  of  a  greater  or  less  degree  of  concentration,  according 
to  circumstances ;  metallic  antimony  is  most  advantageously  dis- 
solved in  aqua  regia. 

h.  Determination. 

Antimony  is  weighed  either  as  sulphuret  or  in  the  metallic 
state,  or  as  antimonious  acid. 
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We  may  convert  into 

1.   8ULPHURET  OF  ANTIMONY.  2.   METALLIC   ANTIMONY. 

All  compoundfl  of  antimony  All  compounds  of  oxide  of 
without  exception.  antimony  without  exception. 

3.   ANTIMONIOUS   ACID. 

The  oxides  of   antimony  and  their  salts,  with 
readily  volatile  or  decomposahle  oxygen  acids. 

The  method  of  determining  antimony  hy  reduction  to  the  me- 
tallic state,  is  generally  only  had  recourse  to  for  the  purpose  of 
separating  antimony  from  tin,  and  its  detailed  description  helongs 
therefore  mpre  properly  to  the  fifth  section,  where  it  will  be  found, 
at  ^  130. 

I.  Precipitation  as  sulphur et  of  antimony, 

a.  The  solution  contains  oxide  of  antimony  or  tlie  corres- 
ponding chloride,  and  besides  this,  no  other  substance  possessing 
the  property  of  decomposing  sulphuretted  hydrogen* 

The  solution  of  the  compound  under  examination  is  mixed 
with  some  tartaric  acid,  and  (if  necessary)  diluted  with  water. 
Sulphuretted  hydrogen  gas  is  then  transmitted  in  excess  through 
the  clear  solution.  The  beaker-glass  is  now  covered  with  a  glass 
plate,  and  kept  standing  at  rest  in  a  moderately  warm  spot, 
for  the  space  of  half  an  hour ;  the  fluid  is  then  speedily  fil- 
tered off  from  the  precipitate,  and  the  latter  collected  upon  a 
tared  filter,  thoroughly  washed,  dried  at  212^,  and  weighed. 
For  the  properties  of  the  precipitate,  vide  §  64.  The  results 
are  generally  a  trifle  too  high,  owing  to  traces  of  firee  sulphur 
precipitating  in  conjunction  with  the  sulphuret  of  antimony. 
As  a  precautionary  measure,  it  is  invariably  advisable  to  dissolve 
a  small  portion  of  the  weighed  precipitate  in  hydrochloric  acid,  at 

*  This  method  is  applicable  in  all  cases  where  we  have  a  salt  of  the  oxide 
of  antimony,  or  protosulphate  of  antimony,  in  hydrochloric  solution,  but 
never  in  presence  of  free  nitric  acid. 
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a  high  temperature.  Should  no  sulphur^  or  at  least  only  a  trace« 
be  left,  the  results  may  be  considered  accurate;  on  the  other 
hand,  should  a  perceptible  amount  of  sulphur  remain,  the  pre- 
cipitated sulphuret  of  antimony  is  to  be  treated  as  directed 
sub.  b» 

b.  The  solution  contains,  besides  oxide  of  antimony,  also 
antimonious  acid,  or  antimonic  add,  or  some  substance  possess- 
ing the  property  of  decomposing  sulphuretted  hydrogen. 

The  solution  is  treated  as  directed  sub.  a.,  with  this  difference, 
that,  previously  to  filtration,  the  beaker-glass  containing  the 
precipitated  fluid  is  covered  with  paper,  and  kept  standing  in  a 
moderately  warm  spot  until  the  odor  of  sulphuretted  hydrogen 
has  completely  disappeared. 

The  precipitate  is  washed,  dried,  and  weighed,  as  in  a. ;  it 
consists  of  an  unknown  sulphuret  of  antimony  mixed  with  fi*ee 
sulphur,  or,  in  other  terms,  of  antimony  +  x  sulphur. 

To  determine  the  amount  of  the  antimony  present,  it  is  neces- 
sary, therefore,  either  to  separate  this  metal  from  the  sulphur, 
or  to  ascertain  the  proportion  of  sulphur  present  in  the  precipi- 
tate. 

To  separate  the  antimony  from  the  sulphur,  the  precipitate 
may  be  heated  in  a  bulbous  tube  in  a  stream  of  hydrogen  gas, 
until  the  formation  of  sulphuretted  hydrogen  ceases  completely. 
But  since  a  slight  loss  of  antimony  can  hardly  be  avoided,  in  this 
process  (the  stream  of  hydrogen  gas  tending  to  carry  off  mechani- 
cally a  small  portion  of  the  antimony)  it  is  preferable  to  deter- 
mine the  amount  of  sulphur  present  in  the  precipitate,  and  to 
calculate  from  this,  the  proportion  of  antimony. 

For  this  purpose,  the  precipitate  is  dried  upon  the  filter  in  a 
platinum  crucible  at  a  temperature  of  2 J  2^,  and  subsequently 
weighed ;  as  much  of  the  contents  of  the  crucible  as  may  be 
detached  without  difficulty  is  then  carefully  projected  into  a  flask ; 
the  filter,  with  the  still  adhering  portion  of  the  precipitate,  is 
re-introduced  into  the  crucible,  and  the  latter  again  weighed ;  the 
difference  between  the  weight  which  the  crucible  is  now  found 
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to  possess^  and  that  which  it  exhibited  when  weighed^  with  the 
whole  of  the  dry  precipitate,  shows  at  once  the  amoant  of  preci- 
pitate contained  in  the  flask. 

Bed  fuming  nitric  acid  (perfectly  free  from  sulphuric  acid) 
is  now  gradually  dropped  upon  the  contents  of  the  flask.  When 
the  action  of  the  acid  has  grown  somewhat  less  energetic  than 
at  first,  a  larger  portion  is  added,  together  with  a  small  amount 
of  hydrochloric  acid,  and  a  gentle  heat  applied  and  maintained 
for  some  time.  Upon  this,  two  difierent  cases  may  occur,  viz., 
either 

a.  The  solution  is  perfectly  clear^  and  contains  no  trace  of 
separated  sulphur. 

If  this  be  the  case,  the  solution  is  to  be  mixed  with  a  tolerably 
large  portion  of  water,  and,  should  this  produce  any  turbidity  or 
precipitate  in  the  fluid,  tartaric  acid  added  drop  by  drop  until 
the  liquid  appears  again  perfectly  clear.  Solution  of  chloride  of 
barium  is  now  added  slightly  in  excess,  and  the  sulphate  of 
barytes,  which  precipitates  upon  the  addition  of  this  reagent, 
determined  as  directed  §  74,  taking  particular  care  to  wash  the 
precipitate  thoroughly,  (compare  §  100).  The  proportion  of  the 
sulphur  present  in  the  precipitated  sulphate  of  barytes  is  accu- 
rately calculated,  and  from  the  result  we  may  readily  infer  the 
proportion  of  sulphur  present  in  the  whole  of  the  originally 
precipitated  sulphuret  of  antimony,  and  this  will  at  once  show, 
by  simple  calculation,  how  much  antimony  the  analysed  com- 
pound originally  contained.     Or, 

^  The  solution  is  clear,  but  contains  separated  sulphur. 

If  this  be  the  case,  the  solution  is  to  be  mixed  (as  in  a.)  with 
a  tolerably  large  portion  of  water,  and,  should  this  produce  any 
turbidity,  tartaric  acid  added  drop  by  drop  until  the  fluid  has 
cleared  again.  The  solution  is  then  passed  through  a  small 
tared  filter,  and  the  separated  sulphur  collected  upon  the  lat- 
ter, washed,  dried  at  212^^  and  weighed.  The  filtrate  is  treated 
as  in  a.  The  weight  of  the  free  sulphur  is  added  to  that  calcu- 
lated from  the  sulphate  of  barytes,  and  the  rest  of  the  calculation 
made  as  in  a. 
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2.  Determination  as  antimoniaua  acid. 

The  compound  under  examination  is  carefully  evaporated  with 
nitric  acid,  and  the  residue  ignited  until  its  weight  ceases  to 
vary.  The  process  may  be  safely  conducted  in  a  platinum  cru- 
cible. If  the  operator  has  to  act  upon  antimonic  acid,  we  need 
not  evaporate  it  with  nitric  acid.  For  the  properties  of  the  residue, 
vide  §  64.    This  method  is  free  from  sources  of  error. 

§  96. 

4.  PROTOXIDE  OF  TIN,  and  5.  PEROXIDE  OF  TIN. 

a.  Solution, 

The  water  used  to  dissolve  those  compounds  of  tin  which  are 
soluble  in  this  menstruum,  is  to  be  slightly  acidified  with  hydro- 
chloric acid  to  ensure  a  clear  solution.  Nearly  all  the  insoluble 
compounds  of  tin  dissolve  in  hydrochloric  acid  or  in  aqua  regia. 
The  insoluble  modification  of  peroxide  of  tin,  and  the  com- 
pounds of  this  modification  must  be  prepared  for  solution  by 
fluxing  with  carbonate  of  soda.  Metallic  tin  is  most  advan- 
tageously dissolved  in  aqua  regia.  The  determination  of  metallic 
tin  is,  however,  generally  effected  by  converting  the  metal  into 
the  peroxide  without  previous  solution* 

h.  Determination. 

Tin  is  usually  weighed  in  the  form  of  peroxide,  into  which 
its  compounds  are  converted  either  by  ignition,  or  by  evaporation 
with  nitric  acid,  or  by  precipitation  as  sulphuret  of  tin. 

We  may  convert  into 

1.  peroxide  of  tin. 

a.  By  ignition.  h.  By  evaporation  with  nitric 

acid. 
All  compounds  of  tin  which        All  compounds  of  tin  which 
contain    volatile    acids,    (even    contain  volatile  acids, 
sulphuric    acid,)    provided    no 
fixed  substance  be  present. 
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c.  By  precipitation  as  sulphuret  of  tin. 
All  compounds  of  tin  without  exception. 

It  is  a  matter  of  perfect  indifference  in  these  methods  whether 
the  tin  be  present  in  the  analysed  compound  in  the  form  of  pro- 
toxide or  in  that  of  peroxide.  The  application  of  method  c.  is 
mostly  confined  to  cases  where  a.  and  h.  are  inapplicable,  and 
serves  particularly  to  separate  tin  from  other  metals.  For  the 
method  of  separating  protoxide  of  tin  from  the  peroxide,  I  refer 
to  §  130,  5. 

Determination  of  tin  as  peroxide, 

a.  By  ignition. 

The  compound  under  examination  is  drenched  with  nitric  acid 
in  excess,  and  the  mixture  evaporated  to  dryness  ;  the  residue  is 
finally  ignited,  and  weighed.  The  process  may  be  performed  in 
a  platinum  crucible  if  no  hydrochloric  acid  is  present ;  but  in 
presence  of  this  acid,  the  operation  is  to  be  conducted  in  a 
porcelain  crucible.  Should  sulphuric  acid  be  present,  the  expul- 
sion of  this  is  accelerated  by  the  addition  of  carbonate  of  am- 
monia, (compare  §  42.  Conversion  of  the  acid  sulphate  of  potass 
into  the  simple  sulphate.)  For  the  properties  of  the  residue, 
vide  §  65.     This  method  is  free  from  sources  of  error. 

h.  By  evaporation  ttith  nitric  acid. 

The  solution  of  the  compound  under  examination  is  introduced 
into  a  flask,  mixed  with  nitric  acid  in  excess,  and  carefully  eva- 
porated to  a  state  of  high  concentration.  Should  hydrochloric 
acid  be  present,  the  nitric  acid  is  to  be  added  in  sufficient  quan- 
tity to  ensure  its  complete  decomposition  and  expulsion.  The 
residuary  mass  in  the  flask  is  diluted  with  water,  the  fluid  filtered 
ofi"  from  the  peroxide  of  tin,  and  the  latter  washed,  dried,  and 
ignited  in  a  platinum  crucible,  (§81).  This  method  is  free  fix)m 
sources  of  error. 

c.  By  precipitation  as  sulphuret  of  tin. 

The  dilute  neutral  or  acid  solution  of  the  compound  under 
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examination  is  precipitated  with  sulphuretted  hydrogen  gas  or 
sulphuretted  hydrogen  water.  If  the  tin  was  present  in  the  solu- 
tion in  the  form  of  protoxide,  in  which  case  the  precipitate  will 
consist  of  the  brown  protosulphuret  of  tin,  the  solution  super- 
saturated with  sulphuretted  hydrogen,  is  to  be  kept  standing  for 
half  an  hour  in  a  moderately  warm  spot,  and  subsequently  fil- 
tered; if,  on  the  other  hand,  the  solution  contained  a  persalt 
of  tin,  in  which  case  the  precipitate  will  consist  of  the  yellow 
bisulphuret  of  tin, — the  fluid  is  to  be  loosely  covered  and  kept 
exposed  to  a  gentle  heat  until  the  odor  of  sulphuretted  hy- 
drogen has  completely  disappeared ;  the  fluid  is  then  filtered  off 
firom  the  precipitate.  The  washed  and  dried  precipitate  is  pro- 
jected into  a  porcelain  crucible,  and  the  filter  consumed  upon 
the  lid  of  the  latter;  the  precipitate  is  heated  gently,  with 
free  access  of  air  until  all  evolution  of  sulphurous  acid  has 
ceased ;  a  more  intense  heat  is  then  to  be  applied.  To  ensure 
the  expulsion  of  every  trace  of  sulphuric  acid  which  may  per- 
chance have  remained,  it  is  advisable  finally  to  add  a  small  frag- 
ment of  carbonate  of  ammonia  to  the  contents  of  the  crucible. 
Were  the  precipitate  heated  intensely  from  the  commencement 
of  the  operation,  the  bieulphuret  of  tin  would  change  into  the 
protosulphuret,  with  loss  of  sulphur.  The  protosulphuret  of  tin 
fuses  readily,  and  becomes  only  slowly  converted  into  the  per- 
oxide upon  ignition  in  the  air.  However,  as  the  atomic  weight 
of  the  protosulphuret  is  absolutely  the  same  with  that  of  the 
peroxide  of  tin,  it  does  not  matter  whether  the  latter  is  perfectly 
pure,  or  contains  an  admixture  of  the  former.  For  the  properties 
of  the  precipitate^  vide  §  65.     The  results  are  accurate. 

§  97. 

G.    ARSENIOUS  ACID,   and   7.   ARSENIC  ACID. 

a.  Solution, 

Those  of  the  compounds  of  arsenious  and  arsenic  acid  which 
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are  not  soluble  in  water,  are  dissolved  in  hydrochloric  acid,  or  in 
aqua  regia.  Some  natural  arseniates  of  metallic  oxides  require 
fluxiDg  with  carbonate  of  soda,  as  an  indispensable  preliminary  to 
their  solution.  Metallic  arsenic,  and  likewise  metallic  arseniurets 
are  dissolved  in  aqua  regia ;  those  of  the  metallic  arseniurets  which 
are  insoluble  in  this  menstruum,  are  fluxed  vdth  carbonate  of 
soda  and  nitrate  of  potass ;  this  process  gives  rise  to  the  forma- 
tion of  a  soluble  arseniated  alkali  and  an  insoluble  metallic  oxide. 
All  solutions  of  compounds  of  arsenic  which  have  been  eifected 
by  heating  with  aqua  regia  in  excess,  contain  arsenic  acid. 

Determination. 

Arsenic  is  weighed  either  as  arseniate  of  lead,  or  as  sul- 
PHARSENious  ACID  ;  and  in  some  instances  also  as  arseniate  of 

PEROXIDE   OP  IRON. 

We  may  convert  into 

1.   ARSENIATE    OF   LEAD.  2.    SULPHAESENIODS   ACID. 

Arsenious  and    arsenic    acid        All    compounds    of   arsenic 
when  present   singly  either  in    without  exception, 
aqueous  or  nitric  acid  solution. 

8.  The  method  of  determining  arsenic  in  the  form  of  arseniate  of 
peroxide  of  iron  (Serthier)  is  executed  like  that  used  for  the  de- 
termination of  phosphoric  acid,  vide  §  101.  I  omit  describing 
this  method  here,  since  it  is,  in  every  respect,  inferior  to  that  of 
precipitating  as  sulpharsenious  acid. 

1.  Determination  as  arseniate  of  lead, 

a.  Arsenic  acid  in  aqueous  solution, 

A  weighed  portion  of  the  solution  is  introduced  into  a  platinum 
or  porcelain  dish,  and  a  definite  amount  of  recently  ignited  pure 
oxide  of  lead  added ;  the  mixture  is  cautiously  evaporated  to  dry- 
ness, and  the  residue  heated  to  gentle  redness,  and  maintained  some 
time  at  this  temperature.  The  residue,  which  consists  of  arseniate 
of  lead + oxide  of  lead,  is  then  weighed.  The  amount  of  arsenic 
acid  present  in  the  analysed  solution  is  now  readily  found  by 
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subtracting  the  weight  of  the  oxide  of  lead  added,  from  that  of  the 
residuary  mass,  and  calculating  the  result  upon  the  whole  solution. 
For  the  properties  of  arseniate  of  lead,  vide  §  66.  The  results  are 
perfectly  accurate,  provided  the  residue  be  not  heated  beyond 
gentle  redness. 

b.  Arseniaus  add  in  solution. 

The  solution  is  mixed  with  nitric  acid^  a  small  portion  of  hy- 
drochloric acid  added,  and  the  mixture  evaporated  to  dryness  in 
an  obliquely-placed  flask;  the  residuary  arsenic  acid  is  then 
heated  somewhat  more  strongly,  subsequently  dissolved  in  water 
with  the  aid  of  a  gentle  heat,  and  the  solution  treated  as  in  a.* 

2.  Determination  as  sulpharsenious  add, 

a.  The  operater  has  in  solution,  arsenious  add,  or  an  arse- 
nite  free  from  arsenic  add. 

The  solution  is  introduced  into  a  bottle  provided  with  a  glass 
stopper ;  some  hydrochloric  acid  is  added,  and  the  solution  sub- 
sequently precipitated  either  with  sulphuretted  hydrogen  water,  or 
gas.  The  flask  is  then  stopped,  and  allowed  to  stand  for  the 
space  of  an  hour ;  after  this,  washed  carbonic  acid  gas  is  trans- 
mitted through  the  contents  of  the  flask  until  all  odour  of  sulphu- 
retted hydrogen  has  completely  disappeared ;  the  fluid  is  then 
filtered  through  a  tared  filter,  and  the  precipitate  collected  upon 
the  latter,  washed,  dried  at  212®,  and  weighed.  For  the  proper- 
ties of  the  precipitate,  vide  §  66.     The  results  are  very  accurate. 

Should  any  other  substance  possessing  the  property  of  decom- 
posing sulphuretted  hydrogen,  peroxide  of  iron,  chromic  acid,  &c., 
be  present  in  the  analysed  solution,  free  sulphur  will  precipitate  in 
conjunction  with  the  sulpharsenious  acid.  In  this  case,  the  free 
sulphur  is  to  be  determined  as  sulphate  of  barytes  in  the  manner 
described  §  95,  1 .  h,  a.  (determination  of  antimony  as  sulphuret,) 

*  If  a  solution  containing  nitric  acid  is  evaporated  directly  with  oxide  of  lead, 
it  is  difficult  to  avoid  some  loss  of  substance ;  since,  in  the  first  place,  nitrate 
of  lead  decrepitates  violently  when  heated,  and,  in  the  second  place,  the  by- 
ponitric  acid  disengaged  during  the  decomposition  of  the  nitrate  of  lead  may 
readily  carry  off  minute  particles  of  the  salt. 


238  ARSENIOUS   AND   ARSENIC   ACID.  [§    97. 

and  the  thus  ascertained  weight  of  free  sulphur  subtracted  from 
the  total  weight  of  the  precipitate.  Another  method  has  been 
recommended  to  separate  the  free  sulphur  from  the  sulpharsenious 
acid,  viz.  treating  the  precipitate  with  ammonia ;  by  which  means 
the  sulpharsenious  acid  is  dissolved,  whilst  the  free  sulphur  re- 
mains undissolved ; — however  the  results  obtained  by  this  method 
are  only  approximate,  since  the  ammoniacal  solution  of  the  sul- 
pharsenious acid  dissolves  a  little  free  sulphur. 

b.  The  operator  has  in  solution  arsenic  acid,  or  an  arseniate, 
or  a  mixture  of  the  two  degrees  of  oxidation  of  arsenic. 

The  solution  is  introduced  into  a  flask,  and  mixed  with  a  con- 
centrated aqueous  solution  of  sulphurous  acid  in  considerable 
excess ;  the  flask  is  placed  in  an  oblique  position  over  the  flame 
of  a  spirit  lamp,  and  its  contents  are  heated  slowly  to  incipient 
ebullition ;  the  temperature  is  subsequently  maintained  a  trifle 
below  the  boiling  point,  until  the  fluid  ceases  to  smell  of  sulphur- 
ous acid.  The  solution,  which  now  contains  simply  arsenious  acid, 
is  then  treated  as  directed  at  a. 
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II.  QUANTITATIVE  DETERMINATION  OF  THE  ACIDS 
IN  COMPOUNDS  CONTAINING  BUT  ONE  BASE  AND 
ONE  ACID,  OR  BUT  ONE  METAL  AND  ONE  METAL- 
LOID;— AND  SEPARATION  OF  THE  ACIDS  FROM 
THE  BASES. 

FIRST   GROUP.. 

ARSENIOUS    ACID — ARSENIC     ACID CHROMIC   ACID  —  SULPHURIC 

ACID  —  PHOSPHORIC     ACID  —  BORACIC     ACID  —  OXALIC     ACID- 
HYDROFLUORIC   ACID CARBONIC    ACID — SILICIC    ACID. 

§.98. 

I.   ARSENIOUS   AND   ARSENIC   ACID. 

For  the  quantitative  determination  of  these  two  acids,  I  refer 
to  the  preceding  paragraph ; — the  methods  of  separating  them 
from  the  hases  will  be  found  §§  129  and  130. 

§  99. 

2.    CHROMIC   ACID. 

I.  Determination. 
Chromic  acid  is  determined  either  in  the  form  of  oxide  of 
CHROMIUM,  or  in  that  of  chromate  of  lead. 
a.  Determination  as  oxide  of  chromium. 
The  chromic  acid  is  reduced  to  the  state  of  oxide,  and  the 
amount  of  the  latter  determined,  (§  79).    The  reduction  is  effected 
either  by  heating  the  solution  gently  with  hydrochloric  acid   and 
alcohol — or  by  mixing  hydrochloric  acid  with  the  solution,  and 
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transmittiDg  subsequently  sulphuretted  hydrogen  through  it ;  or 
by  adding  to  the  solution  a  strong  solution  of  sulphurous  acid, 
and  applying  a  gentle  heat.  Concentrated  solutions  are  generally 
determined  according  to  the  first — dilute  solutions  according  to 
one  of  the  other  two  methods.  With  regard  to  the  first  of  the 
three  methods  given,  we  have  to  remark  here,  that  the  alcohol 
which  has  been  added  in  the  process  of  reduction,  must  be  ex- 
pelled again  previously  to  the  precipitation  of  the  oxide  of  chro- 
mium with  ammonia ; — and  with  regard  to  the  secondy  that  the 
solution  when  supersaturated  with  sulphuretted  hydrogen  is  to  be 
kept  standing  in  a  moderately  warm  place  until  the  separated 
sulphur  has  completely  subsided. 

b.  Determination  as  Chromate  of  lead. 

The  solution  is  mixed  with  acetate  of  soda  in  excess,  and  should 
it  be  necessary,  acetic  acid  added,  until  the  fluid  acquires  a  feebly 
acid  reaction;  the  solution  is  then  precipitated  with  neutral 
acetate  of  lead ;  the  precipitate  is  collected  upon  a  tared  filter, 
washed,  dried  in  the  water-bath,  and  weighed.  For  its  properties, 
vide  §  67.    The  results  are  accurate. 

II.   SEPARATION   OF   CHROMIC  ACID  FROM  THE  BASES. 
a.   OF  THE    FIRST   GROUP. 

a.  The  chromic  acid  is  reduced  to  the  state  of  oxide  according 
to  tlie  directions  given  at  I. ;  and  the  oxide  separated  from  the 
alkalies,  as  directed  §  118. 

p,  Chromate  of  ammonia  is  reduced  to  the  state  of  chromic 
oxide  by  cautious  ignition. 

b,  OF  THE   SECOND    GROUP. 

a.  The  compound  under  examination  is  fused  together  with  four 
parts  of  a  mixture  of  carbonate  of  soda  and  carbonate  of  potass. 
Upon  extracting  the  fused  mass  subsequently  with  hot  water,  the 
chromic  acid  is  dissolved  as  an  alkaline  chromate,  whilst  the  alkaline 
earths  remain  as  carbonates.  The  chromic  acid  in  the  former  is 
finally  determined  as  directed  at  I.     The  carbonates  of  the  alkaline 


§    99.]  CHROMIC   ACID.  241 

earth  cannot  be  determined  directly  by  simple  weighing,  since 
they  contain  an  admixture  of  alkali. 

p.  The  compound  under  examination  is  dissolved  in  hydro- 
chloric acid,  and  the  chromic  acid  reduced  as  directed  at  I. ;  the 
chromic  oxide  is  finally  separated  from  the  alkaline  earths  accord- 
ing to  the  directions  of  §  119. 

C.   OF  THE  THIRD   GROUP. 

a.  From  alumina. 

The  alumina  present  in  the  solution  is  precipitated  by  ammo- 
nia, (§  78,)  and  the  chromic  acid  in  the  filtrate  determined  as 
directed  at  I. 

P,  From  oxide  of  chromium, 

aa.  In  solution. 

The  chromic  acid  is  precipitated  as  directed  at  I.  3,  and  the  lead 
and  oxide  of  chromium  in  the  filtrate  separated  according  to 
the  directions  given  at  §  126. 

hb.  Tl%e  compound  under  examination  is  insoluble,  (neutral 
chromate  of  oxide  of  chromium.) 

The  compound  is  ignited ;  oxygen  is  expelled,  and  oxide  of 
chromium  remains.  The  amount  of  chromic  acid  originally  pre- 
sent in  the  analysed  compound  is  calculated  from  the  amount  of 
oxygen  expelled ;  in  other  words,  from  the  loss  of  weight  which 
the  compound  has  suffered  by  ignition. 

d.  Of  the  fourth  group. 

a.  The  same  method  is  applied  as  at  b,  a.  Upon  extracting 
the  fused  mass  with  hot  water,  the  metals  remain  as  oxides.  To 
separate  chromic  acid  from  manganese,  the  frision  is  to  be  effected 
in  a  bulbous  tube,  with  transmission  of  a  stream  of  carbonic  acid 
gas  over  the  fusing  mixture. 

p.  The  chromic  acid  is  reduced  as  at  I.  a.,  and  the  chromic 
oxide  separated  from  the  metals  of  the  fourth  group  according  to 
the  directions  which  will  be  found  at  §  123. 

e.  Of  the  fifth  and  sixth  group. 

a.  The  solution  of  the  compound  under  examination  is  mixed 
with  free  acid,  and  subsequently  precipitated  with  sulphuretted 
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hydrogen.  The  metals  of  the  fifth  and  sixth  group  are  preoipi- 
tated  as  sulphurets  in  conjunction  vith  free  sulphur,  (compare 
from  §  86  to  §  97,)  whilst  the  chromic  acid,  reduced  to  the  state 
of  oxide,  is  obtained  in  the  filtrate,  from  which  it  is  finally  precipi- 
tated as  directed  at  I.  a, 

p.  The  most  appropriate  method  of  decomposing  chromate  of 
lead,  is  to  heat  it  with  hydrochloric  acid  and  a  small  amount  of 
alcohol : — chloride  of  lead  and  protochloride  of  chromium  are 
formed,  which  are  subsequently  separated  by  means  of  alcohol. 
(Compare  §  126.) 

§  100. 

3.    SULPHURIC    ACID. 

I.  Determination. 
The  best  way  of  determining  sulphuric  acid  is  to  convert  it  into 

SULPHATE   OF  BARYTES. 

For  this  purpose  the  solution  of  the  compound  under  examina- 
tion is  acidified  with  hydrochloric  acid,  (should  this  be  necessary,) 
chloride  of  barium  added  in  slight  excess,  and  the  further  process 
conducted  according  to  the  directions  given  at  ^  74.  Should 
the  analysed  solution  contain  nitric  acid,  some  nitrate  of  barytes 
is  likely  to  precipitate  in  conjunction  with  the  sulphate ;  the  re- 
moval of  this  admixture  of  nitrate  of  barytes  from  tbie  precipitate, 
requires  long  protracted  washing  with  hot  water.  It  is,  under  all 
circumstances,  necessary  to  continue  the  washing  of  the  precipitate 
until  the  last  rinsings  remain  perfectly  clear  upon  testing  with 
sulphuric  acid. 

II.  Separation  of  sulphuric  acid  from  the  bases. 

a.  from  those  bases  with  which  the  acid  forms  com- 
pounds soluble  in  water  or  in  hydrochloric  acid. 

The  sulphuric  acid  is  precipitated  as  at  I.  The  filtrate  con- 
tains, besides  the  chlorides  of  the  bases  originally  combined  with 
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the  sulphuric  acid>  the  exoeaa  of  the  chloride  of  barium  added ; 
from  which  the  bases  are  finally  separated  by  the  methods  reoom-' 
mended  in  the  fifth  section,  to  eiSect  the  separation  of  the  various 
bases  from  barytes. 

b.  From  those  bases  with  which  the  acid  forms  com- 
pounds INSOLUBLE  IN  WATER  OR  IN   HYDROCHLORIC  ACID. 

a.  From  barytes,  strontia,  and  lime. 

The  compound  under  examination  is  very  finely  levigated  and 
fused  in  a  platinum  crucible,  together  with  four  parts  of  mixed  car- 
bonate of  soda  and  potass.  The  crucible  with  its  fused  contents  is 
introduced  into  a  beaker-glass  or  platinum  or  porcelain  basin,  where 
it  is  subsequently  drenched  with  water,  and  heat  applied  until  the 
alkaline  sulphates  and  carbonates  are  completely  dissolved ;  the 
hot  solution  is  then  filtered  off  from  the  undissolved  carbonates 
of  the  alkaline  earths,  and  the  latter  are  thoroughly  washed  with 
hot  water,  and  subsequently  dissolved  in  hydrochloric  acid,  and 
determined  according  to  the  methods  given  from  §  74  to  §  76. 
The  sulphuric  acid  in  the  filtrate  is  precipitated  as  at  I.  Finely 
levigated  sulphate  of  lime  may  be  completely  decomposed  also  by 
boiling  with  a  solution  of  carbonate  of  soda  or  carbonate  of 
potass. 

p.  From  oxide  of  lead. 

The  finely  levigated  compound  under  examination  is  fused, 
together  with  a  mixture  of  carbonate  of  soda  and  potass,  in  a  porce- 
lain crucible,  until  the  mass  has  entered  into  a  state  of  semifiision ; 
the  mass  is  then  digested  with  hot  water  to  complete  extraction 
of  the  alkaline  sulphate  formed,  and  of  the  excess  of  the  alkaline 
carbonate  added ;  the  solution  is  then  filtered  off  from  the  undis- 
solved oxide  of  lead,  (which  is  never  quite  free  from  admixed 
alkali,)  and  the  latter  thoroughly  washed.  The  filtrate,  which 
invariably  contains  a  more  or  less  copious  admixture  of  oxide  of 
lead,  is  now  slightly  acidified  with  nitric  acid,  (this  should  be 
done  cautiously  to  avoid  loss  by  spitting,)  and  the  sulphuric  acid 
precipitated  as  at  I.,  with  this  difference,  that  nitrate  of  barytes 
is  substituted  for  chloride  of  barium.     The  washed  oxide  of  lead 

R  2 
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is  dissolved  in  dilute  nitric  acid,  and  the  solution  added  to  the 
fluid  filtered  off  from  the  sulphate  of  harytes ;  the  lead  is  finally 
precipitated  from    this    solution,   with    sulphuretted    hydrogen, 

§87. 

§  101. 

4.   PHOSPHORIC  ACID. 

I.  Determination. 

Phosphoric  acid  is  determined  as  phosphate  of  lead,  pyro- 
phosphate OF  magnesia,  basic  perphosphate  of  iron,  phos- 
phate OR  pyrophosphate  of  silver. 

a.  Determination  as  jphosphate  of  lead* 

This  is  effected  in  the  same  manner  as  the  determination  of 
arsenic  acid  as  arseniate  of  lead,  vide  §  97  1,  a.  The  application 
of  this  method  is  admissible  only  when  no  other  acid  is  present. 

h.  Determination  as  pyrophosphate  oftnagnesia. 

A  mixture  of  sulphate  of  magnesia,  sal  ammoniac,  and  ammo- 
nia, is  added  to  the  solution  as  long  as  a  precipitate  continues 
to  form ;  should  the  solution,  after  this,  not  smell  strongly  of 
ammonia,  some  more  of  the  latter  substance  is  to  be  added  ;  the 
mixture  is  then  kept  standing  at  rest  for  several  hours,  the  fluid  sub- 
sequently filtered  off  from  the  precipitate,  and  the  latter  washed 
with  water  containing  ammonia,  until  the  last  rinsings  remain 
perfectly  clear,  upon  testing  with  chloride  of  barium  ;  the  fuitlier 
process  is  then  to  be  conducted  exactly  as  directed  at  §  77.  The 
mixture  of  sulphate  of  magnesia,  sal  ammoniac,  and  ammonia, 
should  contain  exactly  as  much  sal  ammoniac  as  will  prevent  the 
precipitation  of  the  magnesia  by  the  ammonia,  and  no  more.  The 
results  are  accurate,  (Experiments  sub.  No  63,)  although  an 
exceedingly  trifling  loss  is  sustained,  since  the  basic  phosphate 
of  magnesia  and  ammonia  is  not  altogether  insoluble,  (Experi- 
ment No.  27.)  For  the  properties  of  the  precipitate  and  residue^ 
vide  §  48. 
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r.  Determination  as  basic  perphosphate  of  iron. 

A  weighed  amount  of  pure  metallic  iron  is  dissolved  in  nitric 
acid,  and  the  solution  added  to  that  of  the  compound  under 
examination.  Ammonia  is  then  added  in  excess  to  the  mixed 
fluid,  (the  addition  of  the  ammonia  must  produce  a  red-brown 
precipitate ;  should  the  latter  appear  white,  this  is  a  sign  that 
the  amount  of  solution  of  iron  added  was  insufl&cient,)  and  heat 
applied ;  after  the  lapse  of  some  time^  the  fluid  is  filtered  off  from 
the  precipitate,  and  the  latter  completely  washed  with  hot  water, 
thoroughly  dried,  and  finally  strongly  ignited,  (§81).  The  ignited 
precipitate  consists  of  basic  perphosphate  of  iron + peroxide  of 
iron,  or,  in  other  words,  of  phosphoric  acid + peroxide  of  iron. 
The  quantity  of  the  latter  is  calculated  directly  from  the  weight 
of  the  iron  employed  in  the  process,  and  the  resulting  figure 
subtracted  from  the  weight  of  the  ignited  precipitate ;  the  differ- 
ence indicates  the  amount  of  phosphoric  acid  originally  present 
in  the  analysed  compound. 

This  method  yields  very  accurate  results ;  but  its  performance 
requires  great  care  and  attention,  since  any  loss  that  may  happen 
to  be  incurred  in  the  process  falls  entirely  upon  the  phosphoric 
acid.  There  is  one  disadvantage  connected  with  this  method, 
viz.,  even  the  purest  iron  of  commerce  is  not  absolutely  pure, 
and  consequently  does  not  really  yield  the  exact  amount  of  per- 
oxide theoretically  calculated.  This  may,  however,  be  remedied 
by  taking  a  weighed  sample  of  a  large  quantity  of  iron  wire,  and 
determining  the  exact  amount  of  peroxide  which  this  yields. 

d.  As  phosphate  a/ silver. 

Phosphoric  acid,  in  the  free  state,  cannot  be  determined  in  this 
form. 

II.  Separation  of  phosphoric  acid  from  the  bases. 

a.  From  the  fixed  alkalies. 

a.  The  method  described  at  I.  c,  is  applied,  and  the  alkaline 
nitrates  in  the  filtrate  are  determined  by  the  appropriate  me- 
thods. 
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P,  The  method  I.  b,  is  applied,  and  the  magnesia  in  the  fil-> 
trate  is  separated  from  the  alkalies  present,  according  to  the 
directions  given  at  §  116. 

y.  Salts  composed  after  the  formula  P  0^,  3  M  O  (metallic 
oxide)  are  brought  into  aqueous  solution,  and  the  latter  is  pre- 
cipitated directly  with  neutral  solution  of  silver ;  the  yellow  pre- 
cipitate formed  (P  O5,  3  Ag  O)  is  washed,  dried,  and   ignited, 

{%m 

Phosphates,  composed  after  the  formula  P  O5,  2  M  0,  H  0, 
are  to  be  ignited,  the  residue  is  to  be  dissolved  in  water,  and 
the  solution  precipitated  with  neutral  solution  of  silver.  The 
fluid  is  then  filtered  off  from  the  precipitate,  (which,  in  this  case, 
consists  of  pyrophosphate  of  silver,  P  0«,  2  Ag  O,)  and  the  latter 
washed,  dried,  and  ignited,  (§  31).  For  the  properties  of  the 
precipitated  phosphates  of  silver,  vide  §  67,  4. 

The  bases  in  the  filtrates  are  determined  after  the  removal  of 
the  silver,  (viz.,  the  excess  of  the  nitrate  of  silver  employed  in 
the  process,)  vide  §  126. 

The  results  are  very  accurate ;  this  method  is  particularly  con* 
venient,  on  account  of  the  facility  with  which  the  alkalies  in  the 
filtrate  may  be  estimated. 

h.  From  the  whole  of  the  alkalies. 

The  aqueous  solution  is  mixed  with  acetate  of  lead  in  slight  ex- 
cess ;  the  precipitated  phosphate  of  lead  is  allowed  to  subside,  and 
the  fluid  subsequently  filtered  off;  the  alkalies  in  the  filtrate  are 
separated  from  the  excess  of  the  salt  of  lead  employed  in  the 
process,  according  to  the  directions  given  at  §  126.  The  pro- 
portion of  the  phosphoric  acid  originally  present  in  the  analysed 
compound  may  be  inferred,  in  this  case,  from  the  difference  of 
weight  between  the  alkalies  and  the  original  phosphates ;  but  it 
may  also  be  determined  directly  by  treating  the  washed  precipi- 
tate of  phosphate  of  lead  according  to  §  101  /^.,  /3. 

c,  Froni  barytes,  strontia,  lime,  and  oxide  of  lead. 

The  compound  under  examination  is  dissolved  in  hydrochloric 
or  nitric  acid,  and  the  solution  precipitated  with  sulphuric  acid 
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in  slight  excess.  In  the  separation  of  phosphoric  acid  from 
strontia,  lime>  and  oxide  of  lead,  alcohol  is  added  in  conjunction 
with  the  sulphuric  acid.  The  phosphoric  acid  in  the  filtrate  is 
determined  according  to  I.  b.y  after  having  previously  removed 
the  alcohol  by  evaporation. 

d.  From  the  whole  of  the  alkaline  earths, 

a.  The  compound  under  examination  is  dissolved  in  hydro- 
chloric acid,  (the  acid  should  not  be  used  in  great  excess,)  some 
perchloride  of  iron  added,  and  finally  acetate  of  soda  in  excess. 
Should  the  solution,  upon  this,  fail  to  acquire  a  red  color,  per« 
cbloride  of  iron  is  to  be  added  drop  by  drop  until  the  fluid 
assumes  this  color.  The  mixture  is  then  heated  to  boiling  in  a 
ci^acious  basin,  and  maintained  in  a  slate  of  gentle  ebullition 
during  five  minutes.  A  reddish  brown  precipitate  subsides,  and 
the  fluid  becomes  colorless;  should  this,  however,  not  occur, 
it  is  a  sign  that  the  acetate  of  soda  has  not  been  used  in  sufficient 
quantity,  and  consequently  that  an  additional  amount  of  this  re- 
agent is  required.  The  boiling  fluid  is  subsequently  filtered,  and 
the  precipitate  thoroughly  edulcorated  with  hot  water.  The  phos- 
phoric acid  may  now  be  determined  by  either  of  the  two  following 
methods,  (1  prefer  aa,  on  account  of  its  simplicity). 

aa.  The  precipitate,  while  still  moist,  is  dissolved  in  hydro- 
chloric acid,  tartaric  acid  added,  nnd  subsequently  ammonia,  until 
the  precipitate  which  forms  at  first  is  completely  redissolved  in 
the  excess  of  the  ammonia  added;  the  solution  is  clear,  and 
exhibits  a  yellow  color.  The  phosphoric  acid  in  the  solution  is 
determined  according  to  I.  h,,  care  being  taken  to  wash  the  pre- 
cipitate thoroughly.  Notwithstanding  the  most  careful  washing, 
the  appearance  of  the  precipitate  will  invariably  slightly  incline 
to  yellowish,  instead  of  being  perfectly  white.  Upon  ignition,  the 
precipitate  turns  blackish,  and  the  examination  of  the  residue 
reveals  the  presence  of  traces  of  iron.  The  accuracy  of  the 
results  is,  however,  but  very  slightly  impaired  by  this  defect, 
(generally  about  A  to  i^  per  cent,  too  high.     Compare  Expe- 
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riment  No.  63,  J.)  This  source  of  error  may  even  be  altogether 
removed  by  redissolving  the  washed  precipitate  in  hydrochloric 
acid,  and  reprecipitating  with  ammonia. 

bb.  The  precipitate  is  carefiiUy  dried,  and  subsequently  ignited 
in  a  platinum  crucible,  with  free  access  of  air.  The  filter  is 
burnt  upon  the  lid  of  the  crucible.  The  residue  is  accurat<3ly 
weighed,  and  subsequently  moistened  with  strong  nitric  acid; 
the  acid  is  then  expelled  by  evaporation  at  a  gentle  heat,  and  the 
residue,  after  this,  iguited  again.  It  may  happen  that  the  weight 
of  the  residue  exhibits  a  slight  increase  after  this  process ;  should 
this  be  the  case,  the  operation  (i.  e.  the  moistening  with  nitric 
acid,  evaporation,  and  subsequent  ignition)  must  be  repeated 
until  the  weight  of  the  residue  ceases  to  vary.  The  crucible  and 
its  contents  are  now  introduced  into  a  beaker-glass,  and  digested 
with  strong  hydrochloric  acid  until  the  latter  are  dissolved.  The 
solution  is  transferred  into  another  vessel,  and  the  beaker- glass  and 
crucible  thoroughly  rinsed  with  water  (adding  the  rinsings  to  the 
solution).  The  whole  fluid  *  is  now  mixed  with  tartaric  acid,  and 
subsequently  with  ammonia  in  excess.  Sulphuret  of  ammonium  is 
then  added  in  excess,  (no  matter  whether  the  addition  of  the  am- 
monia has  left  the  fluid  quite  clear,  or  caused  the  appearance  of  a 
slight  turbidity  in  it,)  and  the  furtlier  process  conducted  ac- 
cording to  §  85  b.  The  weight  of  the  peroxide  of  iron  obtained 
is  subtracted  from  the  weight  of  the  original  residue ;  the  difierence 
expresses  the  amount  of  phosphoric  acid  originally  present  in  tlie 
analysed  compound. 

The  filtrate  contains  the  alkaline  earths  in  the  form  of  chlorides, 
and  likewise  a  hardly  perceptible  trace  of  iron.  The  alkaline 
earths  are  determined  according  to  §§  74,  75,  7C,  and  77. 
(Were  the  fluid  not  filtered  off  when  quite  hot,  or  were  the  preci- 
pitate not  uninterruptedly  washed  with  hot  water,  the  filtrate 
would,  instead  of  exceedingly  minute  traces,  contain  a  very  per- 

*  The  undissolved  particles  of  the  filter  ashes  which  the  solution  contains 
are  allowed  to  remain  in  it. 
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ceptible  amount  of  iron.)  This  method  yields  very  accurate  results. 
It  is  frequently  applied  in  the  analysis  of  soils  and  ashes  *  With 
respect  to  the  theory  of  the  process,  we  may  assume  that,  upon 
mixing  the  hydrochloric  solution  of  the  phosphate  of  the  alkaline 
earth  with  perchloride  of  iron,  perphosphate  of  iron  is  formed, 
whilst  the  chlorine  combines  with  the  metal  of  the  alkaline  earth  ; 
the  free  hydrochloric  acid  present  maintains  the  perphosphate  of 
iron  in  solution.  When  acetate  of  soda  is  now  added,  the  free 
hydrochloric  acid  combines  with  the  soda ;  and  since  the  liberated 
acetic  acid  has  no  solvent  action  upon  perphosphate  of  iron,  part  of 
this  salt  precipitates,  whilst  a  greater  or  less  portion  of  it  remains 
dissolved  in  the  solution  of  the  peracetate  of  iron,  which  is  formed 
by  the  transposition  of  the  constituents  of  the  perchloride  of  iron, 
(that  is,  of  the  excess  of  the  perchloride  employed  in  the  process,) 
with  the  constituents  of  acetate  of  soda.  (It  occurs  sometimes,  that 
the  whole  of  the  perphosphate  of  iron  remains  in  solution,  if  the 
peracetate  of  iron  thus  formed  is  present  in  great  excess.)  Upon 
boiling  the  mixture,  this  peracetate  of  iron  is  decomposed,  and 
the  perphosphate  of  iron  precipitates  as  a  basic  salt  in  conjunc- 
tion with  a  basic  peracetate  of  iron,  whilst  the  whole  of  the  alka- 
line earth  present  remains  in  solution,  (which  is  not  the  case  with 
method  II.  a,  a.)  The  precipitate  of  bh,  consists  therefore  of 
peroxide  of  iron -^  phosphoric  acid,  whilst  the  precipitate  produced 
upon  the  decomposition  of  this  with  sulphuret  of  ammonium, 
consists  exclusively  of  peroxide  of  iron ;  the  difference  between 
the  respective  weights  of  these  two  precipitates  indicates  conse- 
quently the  amount  of  phosphoric  acid  originally  present  in  the 
analysed  salt.  The  addition  of  tartaric  acid,  which  precedes 
that  of  the  ammonia  and  sulphuret  of  ammonium,  has  for  its 
object  to  prevent,  at  least  partially,  the  precipitation  of  the  per- 
phosphate of  iron  by  the  ammonia  which  is  subsequently  added, 

*  Compare  Fresenius  and  Will.  Untersuchungeo  iiber  die  unorganiscben 
Bestandtheile  der  VegetabUien — ^Annalen  der  Chemie  und  Pharmacie  L., 
page  363. 
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and  thus  to  promote  the  complete  decomposition  of  this  salt  by 
the  sulphuret  of  ammonium. 

p.  The  compound  under  examination  is  dissolved  in  the  least 
possible  amount  of  nitric  acid,  and  basic  acetate  of  lead  added 
in  trifling  excess ;  the  precipitate  which  forms  upon  the  addi- 
tion of  the  reagent  consists  of  phosphate  and  basic  nitrate  of 
lead ;  this  is  allowed  to  subside,  filtered,  washed,  dried,  ignited, 
(§  31,)  and  finally  weighed.  The  residue  consists  of  phosphate 
of  lead + oxide  of  lead,  or,  in  other  words,  phosphoric  acid  H- a: 
oxide  of  lead.  The  residue  is  now  introduced  (in  the  crucible) 
into  a  beaker-glass,  and  digested  at  a  gentle  heat  with  moderately 
dilute  nitric  acid  until  dissolved.  The  solution  is  poured  off  into 
another  glass,  and  both  the  crucible  and  beaker-glass  washed, 
adding  the  rinsings  to  the  solution,  in  which  the  oxide  of  lead  is 
then  determined  (according  to  II.  c.)  as  sulphate  of  lead.  If 
the  amount  of  oxide  of  lead  calculated  from  the  sulphate  pro- 
duced, is  subtracted  from  the  weight  of  the  ignited  residue  of  the 
first  precipitate,  the  difference  indicates  directly  the  amount  of 
phosphoric  acid  originally  present  in  the  analysed  compound. 
The  fluid  filtered  off  from  the  mixed  precipitate  of  phosphate  and 
basic  nitrate  of  lead  contains  the  bases  which  were  originally  com- 
bined with  the  phosphoric  acid,  and  moreover  the  excess  of  the  basic 
acetate  of  lead  used  in  the  process ;  from  the  latter  the  bases  are 
finally  separated  according  to  the  directions  of  §  126.  This  me- 
thod likewise  yields  very  accurate  results. 

e.  From  alumina, 

a.  The  phosphate  of  alumina,  which  it  is  intended  to  determine, 
is  dissolved  in  hydrochloric  acid,  or  in  nitric  acid,  and  the  sepa- 
ration of  the  alumina  from  the  phosphoric  acid  is  then  effected  in 
the  same  manner  as  that  of  peroxide  of  iron  fi'om  phosphoric 
acid,  (vide  II.,  d.  a  aa,)  The  alumina  and  magnesia  in  the 
filtrate  are  separated  as  directed  at  §  119.  The  results  are  very 
accurate.  (Compare  Experiment  No.  63,  b,) 

p.  The  phosphate  of  alumina  under  examination  is  very  finely 
levigated,  and  intimately  mixed  with  about  1^  part  of  pure  silicic 
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acid,  (best  aitifioially  prepared  to  ensure  its  purity,)  and  six  parts 
of  carbonate  of  soda.  The  mixture  is  introduced  into  a  platinum 
crucible,  and  exposed  during  about  thirty  minutes  to  a  most 
intense  red-heat.  The  ignited  mass  is  soaked  with  water,  bicar- 
bonate of  ammonia  added  in  excess,  the  mixture  digested  for  some 
time^  and  the  solution  filtered  off  from  the  undissolved  residue  of 
silicate  of  soda  and  alumina,  which  is  collected  upon  the  filter  and 
washed.  The  filtrate  contains  phosphate  of  soda,  bicarbonate  of 
soda,  and  carbonate  of  ammonia.  (Were  the  solution  filtered  pre- 
viously  to  the  addition  of  the  bicarbonate  of  ammonia,  a  small 
portion  of  the  alumina  compound  would  get  into  the  solution.) 
The  phosphoric  acid  in  the  filtrate  is  finally  determined  ac- 
cording to  IL  a, ;  the  alumina  in  the  insoluble  residue  is  sepa- 
rated and  determined  as  directed  §  106.  (Berzelius.) 

f.  From  oxide  of  chromium* 

a.  The  compound  under  examination  is  fiised  in  conjunction 
with  carbonate  of  soda  and  nitrate  of  potass,  and  the  phospho- 
ric and  chromic  acid  separated  according  to  the  direction  of 
§131. 

p.  The  same  method  as  at  II.  e.  a.  (separation  of  phosphoric 
acid  from  alumina.)  Vide  likewise  ^. 

^.  From  oxide  of  chromium  and  the  metallic  oxides  of  the 
fourth  group. 

a.  The  compound  under  examination  is  fiised  in  conjunction 
with  carbonate  of  soda,  and  the  fused  mass  treated  with  water; 
the  solution  which  is  thus  obtained  contains  the  phosphoric  acid 
in  combination  with  soda ;  the  phosphoric  acid  is  finally  deter- 
mined according  to  II.  a.  The  carefully  washed  residue,  which 
generally  retains  an  admixture  of  alkali,  is  dissolved  in  hydrochloric 
acid,  and  the  metal  present  determined  by  the  appropriate  me- 
thod, (vide  from  §  79  to  §  86).  In  the  analysis  of  phosphate  of 
magnesia  or  of  chromium,  these  salts  are  to  be  fused  in  a  bulbous 
tube,  through  which  a  stream  of  carbonic  acid  gas  is  transmitted 
during  the  operation. 

p.  (Inapplicable  to  phosphate  of  chromium.)  *  The  compound 
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under  examinatioii  is  dissolved  in  hydrochloric  acid;  tartaric 
acid  is  added  to  the  solution,  subsequently  ammonia,  and  finally 
sulphuret  of  ammonium.  The  fluid  is  then  filtered  off  from  the 
precipitated  sulphuret,  and  the  metal  in  the  latter  determined 
according  to  the  directions  given  at  §§  80  to  85.  The  phos- 
phoric acid  in  the  filtrate  may  he  either  determined  according  to 
I.  b,,  or  its  proportion  inferred  from  the  difference  between  the 
weight  of  the  metal  and  that  of  the  original  phosphate.  This 
method  is  less  appropriate  than  the  former,  for  the  analysis  of 
phosphate  of  nickel. 

P,  From  the  fnetals  of  the  fifth  and  sixth  group. 
The  phosphate  under  examination  is  dissolved  in  hydrochloric 
acid  or  in  nitric  acid,  and  the  solution  precipitated  with  sulphu- 
retted hydrogen  ;  the  fluid  is  filtered  off  from  the  precipitated  sul- 
phurets,  and  the  metals  in  the  latter  determined  according  to 
the  directions  given  at  §§  86  to  97.  The  phosphoric  acid  in  the 
filtrate  is  determined  as  directed  at  I.  h, 

§  102. 

5.   BORACIC   ACID. 

I.  Determination. 

Free  boracic  acid  in  solution  may  be  determined  in  the  same 
manner  as  firee  arsenic  acid,  (vide  §  07) ;  i.  e  by  evaporating  tlie 
solution  with  a  weighed  amount  of  pure  oxide  of  lead,  and  igniting 
the  residue.  The  determination  of  boracic  acid  cannot  be  effected 
by  simply  evaporating  the  solution  containing  the  firee  acid,  since, 
without  the  addition  of  a  base,  part  of  the  boracic  acid  will  volati- 
lize in  conjunction  with  the  vapor  of  the  solvent ;  nor  can  it  be 
effected  by  precipitation  with  any  of  the  metallic  salts,  or  of  the 
salts  of  the  alkaline  earths,  since  none  of  the  borates  are  sufficiently 
insoluble  for  complete  precipitation. 

II.  Separation  of  boracic  acid  from  the  bases. 
The  proportion  of  boracic  acid  present  is  generally  inferred 
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irom  the  difference  between  the  weight  of  the  separated  base  and 
that  of  the  analysed  borate. 

a.  Fram  the  whole  of  the  fixed  hoses, 

A  portion  of  the  very  finely  levigated  compound  under  exami- 
nation is  weighed  into  a  platinum  crucible,  mixed  with  from  three 
to  four  parts  of  perfectly  pure  fluor  spar  in  powder,  and  pure  con- 
centrated sulphuric  acid  added,  until  the  mixture  is  thoroughly 
moistened ;  a  gentle  heat  is  then  applied  for  some  time,  which  is 
finally  increased  to  redness,  and  maintained  at  this  degree  of 
intensity  until  the  disengagement  of  acid  fumes  ceases.  In  this 
operation  the  boracic  acid  goes  off  in  the  form  of  fluoride  of 
boron,  (B  O,  +  3  Fl  H=B  Fl,  +  3  H  0).  The  residue  contains 
the  bases  in  the  form  of  sulphates,  mixed  with  gypsum  ;  the  bases 
are  determined  by  the  appropriate  methods  which,  will  be  found 
described  in  the  fifth  section — and  the  proportion  of  the  boracic 
acid  inferred  from  the  difference  between  the  weight  of  the  sepa- 
rated base  and  that  of  the  original  borate.  The  application  of 
this  method  presupposes,  of  course,  that  the  analysed  compound 
is  anhydrous,  and  decomposable  by  sulphuric  acid.  Should  the 
compound  under  examination  contain  lime,  pure  fluoric  acid  may 
be  advantageously  substituted  for  fluor  spar. 

b.  From  the  alkalies. 

The  method  of  determining  potass  and  ammonia  in  the  borates 
of  the  alkalies,  have  been  discussed  already  at  §§  71  and  73. 
Borate  of  soda  may  be  converted  into  sulphate  of  soda.  For  this 
purpose  the  aqueous  solution  of  borate  of  soda  is  mixed  with  pure 
sulphuric  acid  in  excess,  and  the  mixture  evaporated  in  a  flask, 
until  sulphuric  acid  fumes  begin  to  escape ;  the  evaporated  mass 
is  now  mixed  with  a  tolerably  large  portion  of  absolute  alcohol, 
the  flask  stoppered,  and  kept  standing  for  twenty-four  hours, 
during  which  period  its  contents  are  to  be  frequently  agitated. 
The  fluid  is  subsequently'  filtered  off  from  the  sulphate  of  soda^ 
(which  is  insoluble  in  alcohol,)  and  the  latter  washed  with  alcohol 
until  the  rinsings  fail  to  redden  moistened  litmus  paper,  dried  and 
ignited,  (§  31).     This  method,  if  very  carefully  executed,  yields 


264  OXALIC  ACID.  [^    103. 

suflBciently  accurate  results.  But  perfect  precision  is  unattain- 
able by  it,  since  sulphate  of  soda  is  not  altogether  insoluble  even 
in  absolute  alcohol,  in  the  presence  of  free  sulphuric  acid. 

c.  From  barytes,  stroniia,  limey  and  oxide  of  lead. 

The  same  method  as  is  applied  for  the  determination  of  phos^ 
phoric  acid  under  the  same  circumstances.  (Vide  §  101,  II.  ^.) 
The  proportion  of  the  boracic  acid  present  in  the  analysed  com- 
pound^ is  inferred  from  the  difference  between  the  weight  of  the 
separated  base  and  that  of  the  original  borate. 

d.  From  metallic  oxides  of  the  fourth^  fifth,  and  sixth  group . 
The  solution  of  the  compound  under  examination   is  preci^ 

pitated  with  sulphuretted  hydrogen,  (or,  sometimes,  with  sul- 
phuret  of  ammonium,)  and  the  metallic  oxide  determined  by  the 
appropriate  method.  (Vide  §§  80  to  97.)  The  boracic  acid  is  de- 
termined from  the  difference  between  the  weight  of  the  separated 
oxide  of  metal  and  that  of  the  original  borate.  In  cases  where 
the  metal  has  been  precipitated  with  sulphuretted  hydrogen  from 
acid  or  neutral  solutions,  the  boracic  acid  may  also  be  determined 
directly  in  the  filtrate,  according  to  I.,  after  haying  previously 
expelled  the  sulphuretted  hydrogen  from  the  filtrate,  by  trans- 
mitting through  it  a  stream  of  carbonic  acid  gas. 

§  103. 

6.    OXALIC   ACID. 

I.  Determination. 

Oxalic  acid  is  either  precipitated  in  the  form  of  oxalate  of 
LIME,  and  the  latter  determined  as  carbonate  of  lime^  or  the 
proportion  of  oxalic  acid  present  in  the  compound  under  examina- 
tion, is  inferred  from  the  amount  of  carbonic  acid  which  the  latter 
yields. 

a.  Determination  eu  carbonate  of  lime. 

The  oxalate  under  examination  is  best  precipitated  with  a 
solution  of  acetate  of  lime  in  excess,  or  with  chloride  of  calcium 
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in  conjunction  with  acetate  of  soda.     The  precipitate  is  treated 
according  to  §  76» 

b,  Detennination  by  inference  from  the  amount  of  carbonic 
acid  yielded  by  the  oxalate  under  examination. 

This  may  he  effected  either 

a.  By  the  method  of  organic  elementary  analysis,  (§  140);  or 

p.  By  bringing  oxalic  acid  into  contact  with  peroxide  of  man- 
ganese in  excess,  and  subsequently  with  sulphuric  acid,  in  an 
apparatus  so  constructed  that  the  disengaged  carbonic  acid  is  per- 
fectly dried  previously  to  escaping. 

The  theory  of  this  method  may  be  illustrated  by  the  following 
equation : 

C,  03  +  MnO,  +  SO,=MnO,  SO3  +  2CO,. 
Every  equivalent  of  oxalic  acid  yields  accordingly  two  equiva- 
lents of  carbonic  acid.  With  regard  to  the  apparatus  and  execu- 
tion of  the  process,  I  refer  to  §§  105  and  125;  and  will  here  sim- 
ply remark,  that  free  oxalic  acid  must  first  be  prepared  for  the 
process  by  slight  supersaturation  with  ammonia,  and  also  that 
9  parts  of  free  oxalic  acid  are  required  theoretically  for  11  parts 
of  pure  peroxide  of  manganese.  Since  an  excess  of  the  latter  sub- 
stance does  not  interfere  with  the  accuracy  of  the  results,  it  is 
easy  to  determine  by  simple  estimation  the  amount  to  be  added. 
The  peroxide  of  manganese  need  not  be  pure,  provided  it  con- 
tain no  carbonate.  This  method  is  very  expeditious,  and  yields 
extremely  accurate  results,  especially  if  the  process  is  conducted 
in  a  light  apparatus,  so  as  to  admit  the  use  of  a  sensible  balance. 

II.  Separation  of  oxalic  acid  from  the  bases. 

a.  The  methods  I.  b.a.  and  )8.  are  applicable  to  all  oxalates  as 
far  as  the  acid  is  concerned ;  but  the  determination  of  the  bases 
in  the  same  portion  of  the  analysed  substance  is  not  very  easy 
in  Gu,  and  inconvenient  in  p, 

b.  In  many  neutral  oxalates,  the  proportion  of  acid  may  be 
determined  from  the  loss  of  weight  which  the  salt  undergoes  upon 
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Ignition  in  the  air  and  consequent  reduction  to  the  metallic  state, 
(e.  g.  oxalate  of  silver) ;  or  to  the  state  of  pure  oidde,  (e.  g.  oxalate 
of  lead) ;  or  to  the  state  of  carbonate,  (the  oxalates  of  the  alkaline 
earths  and  of  the  alkalies).  This  method  is  particularly  adapted 
to  determine  the  bases  in  the  oxalates. 

c.  In  all  soluble  oxalates  the  acid  may  be  determined  ac- 
cording to  I.  a.,  separating  the  bases  subsequently  from  the 
excess  of  the  precipitant  salt  of  lime,  by  the  methods  of  the  fifth 
section. 

d.  All  those  oxalates,  the  bases  of  ^rhich  are  precipitated  by 
carbonate  of  potass,  and  are  insoluble  in  an  excess  of  this  reagent, 
may  be  decomposed,  by  boiling  with  solution  of  carbonate  of 
potass,  into  oxide  or  carbonate  on  the  one  side,  and  oxalate  of 
potass  on  the  other. 

e.  All  the  salts  of  oxalic  acid,  with  the  oxides  of  the  fourth^ 
fifth,  and  sixth  group,  may  be  decomposed  by  means  of  sulphu* 
retted  hydrogen,  or  of  sulphuret  of  ammonium. 

§  104- 

7.   HYDROFLUORIC  ACID. 

I.  Determination. 
Free  hydrofluoric  acid  in  aqueous  solution  is  determined  as 

FLUORIDE  OF  CALCIUM. 

For  this  purpose,  the  solution  is  supersaturated  with  ammonia, 
chloride  of  calcium  added  in  excess,  heat  applied,  and  the  gela- 
tinous precipitate  which  forms  allowed  to  subside ;  the  fluid  is 
filtered  off,  and  the  precipitate  washed,  first  with  hot  water, 
finally  with  a  little  dilute  acetic  acid ;  (to  remove  the  carbonate 
of  lime  which  may  have  been  formed  by  the  action  of  the 
carbonic  acid  of  the  atmosphere) ;  the  washed  precipitate  is 
finally  dried,  ignited,  and  weighed.  For  the  properties  of  the 
precipitate,  vide  §  67,  7.     The  results  are  accurate. 
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II.  Separation  of  fluorine  from  the  bases. 

o.  Soluble  fluorides. 

The  method  given  at  I.  is  applied.  The  bases  are  detennined 
in  the  filtrate  by  separating  them  from  the  excess  of  the  precipi- 
tant salt  of  lime.  (For  the  way  in  which  this  separation  is  effected, 
vide  the  fifth  section.) 

i.  Insoluble Jluoridea, 

a.  Anhydrous  insoluble  fluorides. 

The  finely  levigated  and  accurately  weighed  substance  under 
examination  is  heated  for  some  time  with  pure  concentrated  sulphu- 
ric acid ;  the  residue  is  subsequently  ignited  until  the  free  sulphuric 
acid  is  completely  expelled.  The  residuary  sulphate  is  weighed, 
and  the  metal  contained  in  it  calculated.  The  difference  between 
the  calculated  weight  of  the  metal  and  that  of  the  original  fluo- 
ride indicates  directly  the  amount  of  fluorine  originally  present 
in  the  analysed  compound.  Should  the  fluoride  contain  a  metal, 
the  sulphate  of  which  yields  a  part  of  its  acid  upon  ignition,  or 
should  the  residue  contain  several  metals,  it  is  necessary  to 
analyse  it  further  before  this  calculation  can  be  made. 

p.  Hydrated  insoluble  fluorides. 

A  sample  of  the  compound  under  examination  is  heated  in  a 
tube. 

a  a.  The  water  expelled  is  perfectly  neutral  to  litmus  paper* 

In  this  case  the  amount  of  water  present  is  ascertained  by 
igniting  the  hydrated  compound,  and  the  fluoride  and  metal  are 
subsequently  determined  according  to  II.,  b.  a. 

bb.  The  water  expelled  manifests  an  acid  reaction. 

The  hydrated  fluoride  under  examination  is,  in  the  first  place, 
treated  according  to  II.  b.  a.,  to  determine  the  metal  on  the 
one  hand  and  the  water + fluorine  on  the  other.  Another  weighed 
portion  is  then  mixed  in  a  small  retort,  with  about  six  parts  of 
recently  ignited  oxide  of  lead;  the  mixture  is  then  covered 
with  a  layer  of  this  oxide  of  lead,  the  retort  weighed,  and  heat 
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applied^  which  is  gradually  increased  to  redness ;  the  water  which 
is  by  this  means  completely  expelled,  is  entirely  free  from  any 
admixture  of  hydrofluoric  acid.  The  retort. is  now  weighed  again, 
and  the  amount  of  water  expelled  calculated  from  the  diminution 
of  weight  which  the  retort  has  undergone.  The  first  operation 
having  furnished  us  with  the  exact  amount  of  the  water + 
fluorine,  we  may  now  at  once  calculate  the  proportion  of  fluorine 
originally  present  in  the  analysed  compound,  by  simply  subtract- 
ing from  the  weight  of  the  water + fluorine  that  of  the  water  ex- 
pelled in  the  second  operation. 

We  shall  have  occasion  in  the  fifth  section  to  mention  still 
another  method  of  determining  fluorine.  (Separation  of  fluorine 
from  silicic  acid.) 

§  105. 

8.    CARBONIC   ACID. 

I.  Determination. 

Free  carbonic  acid  in  aqueous  solution  is  determined  in  the 
following  manner :  a  clear  and  transparent  mixture  of  chloride 
of  calcium,  with  ammonia  in  excess,  is  added  to  a  measured  or 
weighed  solution,  and  the  precipitate  which  forms  allowed  to 
subside ;  the  fluid  is  filtered  off  from  the  precipitate,  (the  funnel 
being  kept  covered  during  the  filtration,  so  as  to  exclude  the 
access  of  air,)  and  the  latter  washed  with  water  containing  ammonia, 
dried,  and  ignited.  (Compare  §  76).  Should  the  solution  con- 
tain other  substances  precipitable  by  ammonia,  the  carbonic  acid 
in  the  precipitate  is  to  be  determined  according  to  II.,  b.,  p., 
aa.  It  is  not  necessary  to  dry  the  precipitate  for  this  pur- 
pose. 

n.  Separation  of  carbonic  acid  from  the  bases. 
The  methods  of  determining  the  amount  of  carbonic  acid  pre- 
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seDt  in  a  compound  have  all  the  same  principle  in  common,  viz., 
expulsion  of  the  carbonic  acid  by  a  stronger  acid,  the  proportion 
of  the  carbonic  acid  being  inferred  either  &om  the  loss  of  weight 
which  the  analysed  compound  undergoes,  or  from  the  increase  of 
weight  of  the  fluid  which  has  been  made  to  absorb  the  disen- 
gaged carbonic  acid. 

a.  Separation  of  carbonic  acid  from  bases  which  yield  up 
their  carbonic  acid  readily  and  completely  upon  ignition. 

Such  are  the  carbonates  of  zinc,  lead,  copper,  magnesia,  &c. 

a.   The  carbonate  under  examination  is  anhydrous. 

A  weighed  portion  of  the  carbonate  is  ignited  in  a  porcelain  cru- 
cible, and  the  same  process  repeated  until  the  weight  of  the 
residue  ceaes  to  vary.  The  loss  of  weight  indicates  the  propor- 
tion of  carbonic  acid  originally  present  in  the  ignited  compound. 
The  results  are,  of  course,  exceedingly  accurate.  Substances 
liable  to  absorb  oxygen  upon  ignition  in  the  air,  are  ignited  in 
a  bulbous  tube,  through  which  a  stream  of  dry  carbonic  acid  gas 
is  conducted  during  the  process. 

p.  The  carbonate  under  examination  is  hydrated. 

A  weighed  portion  of  the  carbonate  is  ignited  in  a  glass  tube 
connected  with  a  chloride  of  calcium  tube  and  a  potass  apparatus ; 
the  extremity  of  the  tube  contains  a  little  fused  chlorate  of 
potass.  The  process  is  the  same  as  in  organic  elementary  ana- 
lysis, (§  140).  The  chlorate  of  potass  serves  to  expel  the  last 
traces  of  carbonic  acid  from  the  tube.  The  potass  apparatus 
and  chloride  of  calcium  tube  are  weighed  only  after  the  lapse 
of  about  fifteen  minutes,  to  permit  the  atmospheric  air  to  replace 
by  simple  diffusion  the  oxygen  gas  present  in  them.  In  very 
minute  and  precise  experiments  the  potass  ley  is  saturated  with 
oxygen  gas  before  commencing  the  process,  (compare  §  142,  bb). 
That  the  carbonate  intended  to  be  analysed  by  this  method  must 
be  entirely  free  from  admixture  of  organic  substances,  is  self- 
evident. 

s  2 
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b.  Separation  of  carbonic  acid  from  all  bases  without  excep- 
tion. 

a.  Anhydrous  carbonates. 

The  carbonate  under  examination  is  weighed  in  a  platinum 
crucible,  and  about  four  times  its  weight  of  fused  perfectly 
anhydrous  borax  {%  39,  6)  added;  heat  is  then  applied, 
which  is  gradually  increased  to  redness,  and  maintained  at  this 
degree  of  intensity  until  the  contents  of  the  crucible  are  in  calm 
fusion.  The  crucible  is  weighed,  after  cooling.  The  loss  of 
weight  indicates  the  amount  of  carbonic  acid  originally  present 
in  the  ignited  compound.     The  results   are  accurate. 

p.  Carbonates  readily  and  completely  decomposable  by  acids. 

aa.  Carbonates,  the  bases  of  which  form  soluble  salts 
with  sulphuric  acid. 

The  process  is  conducted  in  the  apparatus  illustrated  by 


PLATE  XXXIV.  The   size   of  the  flasks  de- 

pends upon  the  capacity  of  the 
balance  which  the  operator  may 
happen  to  possess.  The  tube 
a  is  closed  at  b  by  means  of  a 
small  wax  stopper;  the  other 
end  of  the  tube  a  is  open,  and 
so  are  both  ends  of  c  and  d. 
The  flask  b  is  to  be  nearly  half 
filled  with  concentrated  sul- 
phuric acid ;  the  tubes  a,  r, 
and  d  must  fit  air-tight  in  the 
perforation  of  the  cocks,  and 
the  latter  equally  so  in  the  mouths  of  a  and  b.  A  weighed  por- 
tion of  the  carbonate  under  examination  is  introduced  into  a  ; 
this  flask  is  then  filled  to  about  one-third  with  water,   subse- 
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quently  corked,  and  the  whole  apparatus  placed  in  equilibrium 
upon  the  balance. 

A  few  bubbles  of  air  are  sucked  out  of  d  by  means  of  a  small 
suction  tube,  or  of  a  perforated  cork.  This  serves  to  rarify  the 
air  in  a  likewise,  and  consequently  causes  the  sulphuric  acid  in  b 
to  ascend  in  the  tube  c.  This  tube  is  watched  for  solhe  time  to 
ascertain  whether  the  column  of  sulphuric  acid  in  it  remains  per- 
fectly stationary,  since  this  will  prove  that  the  apparatus  is  air- 
tight. Air  is  then  again  sucked  out  of  d,  to  cause  a  portion  of 
the  sulphuric  acid  to  flow  over  into  a.  The  carbonate  in  the 
latter  flask  is  decomposed  by  the  sulphuric  acid,  and  the  liberated 
carbonic  acid,  completely  dried  in  its  passage  through  the 
concentrated  sulphuric  acid  in  B,  escapes  through  d.  As  soon 
as  the  evolution  of  carbonic  acid  ceases,  the  same  process  is  re- 
peated until  the  carbonate  is  completely  decomposed.  A  large 
amount  of  sulphuric  acid  is  then  made  to  pass  over  into 
A,  by  applying  a  greater  degree  of  suction  to  rf,  than  in  the  pre- 
ceding part  of  the  process ;  this  influx  of  sulphuric  acid  into  a 
causes  the  contents  of  this  flask  to  become  considerably  heated ; 
when  all  evolution  of  gas-bubbles  has  completely  ceased  the 
wax  stopper  on  a  is  to  be  slighly  opened  and  the  suction 
applied  to  d  until  the  air  tastes  no  longer  of  carbonic  acid. 
The  apparatus,  when  cool,  is  replaced  upon  the  balance;  and 
the  former  equilibrium  restored  by  adding  weights  to  the  appa- 
ratus. The  sum  of  these  weights  expresses  at  once  the  amount 
of  carbonic  acid  originally  present  in  the  analysed  compound. 
The  results  are  very  accurate. 

bb.  Carbonates,  the  basee  of  which  form  insoluble  salts 
with  sulphuric  acid. 

In  this  case,  the  method  au,  is  not  quite  applicable,  since  the 
insoluble  sulphate  formed  (gypsum,  for  instance,)  will  partially 
protect  the  not  yet  decomposed  portion  of  the  carbonate  from 
decomposition.  The  construction  of  the  apparatus  is  therefore 
modified  as  illustrated  by  Plate  XXXV. 
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PLATE    XXXV. 


It  will  be  seen  from  this  en- 
graving that  the  modification 
consists  simply  in  the  tube  a 
being  expanded  at  the  upper 
end,  into  a  tubulated  bulb,  and 
drawn  out  to  a  fine  point  at  the 
lower  end. 

The  process  is  conducted  as 
follows : 


The  carbonate  under  examination  is  introduced  into  a,  which 
is  filled  to  about  one  third  or  one  half  with  water.  A  certain 
amount  of  dilute  nitric  acid,  more  than  sufficient  for  the  decomposi- 
tion of  the  carbonate,  is  introduced  into  the  tube  a,  and  prevented 
from  flowing  through  the  narrow  aperture  of  this  tube  by  a  little 
wax  stopper  {b).  The  point  of  this  tube  must  not  dip  into  the 
water  in  a,  but  simply  reach  to  its  surface.  The  apparatus,  when 
thus  fiilly  prepared,  is  placed  in  equilibrium  upon  the  balance,  and 
the  tube  a  is  then  carefully  and  cautiously  depressed,  (by  turning,) 
so  that  its  point  nearly  touches  the  bottom  of  a.  The  wax-stopper 
b  is  then  slightly  and  momentarily  raised,  so  as  to  permit  a  small 
quantity  of  nitric  acid  to  flow  out  of  the  tube  a ;  and  the  same 
operation  is  repeated  until  the  carbonate  is  completely  decomposed. 
A  is  then  placed  in  hot  water,  the  little  wax-stopper  is  partly  re- 
moved, and  suction  applied  to  the  tube  d,  until  the  air  tastes 
no  longer  of  carbonic  acid.  The  diminution  of  the  weight  which 
the  apparatus  has  undergone  in  this  process,  is  ascertained  when 
the  apparatus  has  completely  cooled. 

§   106. 

p.    SILICIC   ACID. 

1.  Determination. 
Silicic  acid  is  invariably  weighed  in  its  insoluble  state  into 
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which  the  soluble  modification  is  converted  by  evaporation  and 
subsequent  ignition.  In  cases  where  we  have  to  operate  upon 
free  silicic  acid  in  aqueous  or  acid  solution,  this  is  to  be  evapo- 
rated to  d  yness,  and  the  residue  ignited  and  weighed. 

n.   S£PARATI0N   OF  SILICIC   ACID   FROM    THE   BASES. 

a.  Compounds  which  are  soluble  in  water. 

The  solution  is  mixed  with  hydrochloric  acid  in  excess^  and 
the  mixture  evaporated  to  dryness  in  the  water-bath  ;  the  residue 
is  heated  in  the  air-bath,  or  sand-bath,  with  stirring,  until  all 
moisture  is  completely  and  absolutely  expelled  ;  the  dry  residue 
is  digested  with  hydrochloric  add,  water  added,  a  gentle  heat 
applied,  and  the  fluid  filtered  off  from  the  silicic  acid.  The  acid 
is  washed  with  hot  water,  carefully  and  thoroughly  dried  and 
ignited.  Properties  of  the  residue,  vide  §  67,  9.  This  method 
yields  accurate  results.  For  the  methods  of  determining  the  bases 
which  we  have  as  chlorides  in  the  filtrate,  I  refer  to  the  first 
part  of  this  section. 

i.  Compounds  which  are  decomposed  by  hydrochloric  acid  or 
nitric  acid. 

The  compound-  under  examination  is  very  finely  levigated, 
and  dried  at  212^  (taking  care  not  to  raise  the  temperature 
higher).  The  powder  is  introduced  into  a  platinum  dish,  or 
of  genuine  porcelain,  and  drenched  with  strong  hydrochloric 
acid,  or  (in  cases  where  the  substance  under  examination  con- 
tains lead  or  silver)  with  strong  nitric  acid.  This  mixture  is 
digested  at  a  very  gentle  heat,  until  the  substance  under  examina- 
tion  is  completely  decomposed.  To  ascertain  whether  this  point 
has  been  attained,  the  mixture  is  to  be  stirred  from  time  to  time 
with  a  glass  rod,  rounded  and  smooth  at  the  lower  end :  the 
process  may  be  considered  at  an  end,  when  the  stirring  ceases  to 
cause  the  slightest  grating  or  crepitating  noise,  the  glass  rod 
moving  smoothly  along  the  sides,  and  over  the  bottom  of  the 
dish. 

The  various  compounds  of  silica  manifest  some  difference  of 
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deportment  in  this  process ;  some  of  them^  for  instance,  form  a 
bulky  gelatinous  mass,  whilst  the  silica  of  others  separates  as  a 
light,  pulverulent  precipitate.  Again,  many  of  them  are  decom- 
posed very  readily,  whilst  others  require  long-protracted  digestion 
at  a  high  temperature. 

When  the  decomposition  is  completed,  the  whole  mixture  is  to 
be  evaporated  to  dryness  in  the  water- bath,  and  the  residue  heated 
until  all  moisture  is  completely  and  absolutely  expelled ;  the  dry 
residue  is  then  again  digested  with  hydrochloric  acid,  or  nitric 
acid,  until  the  base,  or  bases,  which  it  contains  are  completely 
dissolved  out.  The  further  process  is  conducted  exactly  as  di- 
rected sub.  II.  a, 

c.  Compounds  which  are  not  decomposed  by  hydrochloric  acid 
or  nitric  acid, 

a.  Compounds  of  this  kind  are  fluxed  with  carbonate  of  soda, 
hydrate  of  barytes,  or  carbonate  of  barytes,  according  to  the 
nature  of  the  bases  with  which  the  silicic  acid  may  happen  to  be 
combined,  (vide  §  20,  b.)  They  are  then  dissolved  in  hydro- 
chloric acid  or  in  nitric  acid,  and  the  solution  is  treated  as  directed 
sub.  II.  b. 

p.  The  compound  to  be  analysed  is  very  finely  levigated  and 
elutriated,  and  one  part  of  the  powder  obtained  by  these  opera- 
tions is  mixed  with  about  five  parts  of  pure,  finely  powdered, 
fluor  spar,  in  a  platinum  dish  or  in  a  capacious  platinum  crucible. 
The  mixture  is  moistened  with  pure  concentrated  sulphuric  acid, 
and  stirred  into  an  uniform  paste  with  a  small  piece  of  platinum 
wire,  which  is  then  wiped  clean  against  some  powdered  fluor  spar, 
and  the  latter  likewise  projected  into  the  dish  or  crucible.  A 
gentle  heat  is  then  applied ;  fluoride  of  silica  and  hydrochloric 
acid  escape.  The  heat  is  finally  increased  to  gentle  redness,  so  as 
to  expel  the  sulphuric  acid  completely.  The  residue,  which  is 
now  perfectly  free  from  silicic  acid,  is  digested  for  some  time  with 
concentrated  hydrochloric  acid;  the  mixture  is  then  diluted  with 
water,  and  the  fluid  filtered  off  firom  the  gypsum,  the  greatest  part 
of  which  remains  undissolved ;    the  bases  are  finally  determined 
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according  to  the  methods  which  will  be  found  in  the  fifth  section. 
This  method  should  be  pursued  only  in  cases  where  we  wish  to 
determine  the  alkalies  in  compounds  of  which  the  other  constituents 
have  been  determined  already  according  to  II.  c.  a.  Pure  Aiming 
hydrofluoric  acid  is  also  applied  very  advantageously  for  the  resolu- 
tion of  insoluble  silicates,  but  as  this  method  requires  the  possession 
of  a  small  distilling  apparatus  of  platinum,  I  will  content  myself 
with  simply  alluding  to  it.  Brunner's  lead  apparatus  for  resolving 
insoluble  silicates  by  means  of  hydrofluoric  gas,  is  less  expensive 
and  greatly  to  be  recommended  to  analytical  chemists.  (Vide  Poo- 
gendorff's  Annalen,  xliv.  p.  134.) 


SECOND    group, 
hydrochloric     acid ^HYDROBROMIC    ACID ^HYDRIODIC    ACID- 
HYDROCYANIC   ACID — HYDROSULPHURIC    ACID     (SULPHURETTED 
HYDROGEN.) 

§    107. 

1.  Hydrochloric  acid. 

I.  Determination. 

a.  Hydrochloric  acid  is  almost  invariably  determined  as  chloride 
of  silver.  Solution  of  nitrate  of  silver  containing  a  small  amount 
of  free  nitric  acid  in  admixture,  is  added  in  excess  to  the  solution 
of  the  chloride  under  examination ;  the  supernatant  fluid  is  carc^ 
fully  decanted  from  off  the  precipitated  chloride  of  silver,  which  is 
then  washed,  dried,  and  ignited.  For  the  details  of  this  method, 
we  refer  to  §  86.  The  solution  of  the  chloride  should  not  be 
heated  until  the  solution  of  nitrate  of  silver  has  been  added  to  it. 

The  process  of  determining  hydrochloric  acid  by  means  of  silver 
is  more  readily  executed  than  that  of  determining  silver  by  means 
of  hydrochloric  acid,  since,  in  the  former,  the  chloride  of  silver 
will  immediately  and  completely  subside,  upon  agitating  the  vessel, 
as  soon  as  the  nitrate  of  silver  begins  to  be  present  in  excess^  and 
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the  supernatant  fluid  will  become  perfectly  clear  after  standing  for 
a  short  time  on  a  warm  spot. 

b.  If  we  have  hydrochloric  acid  alone  in  aqueous  solution, 
it  is  simply  necessary  to  mix  a  weighed  amount  of  the  fluid 
with  ammonia  in  excess^  to  evaporate  the  mixture^  to  dry  the 
residue  in  the  water-bath,  and  to  weigh  the  sal  ammoniac* 
This  method  yields  quite  satisfactory  results.  (  Compare  experi- 
ment No.  10.) 

II.  Separation  of  chlorine  from  the  metals. 

a.  Soluble  metallic  chlorides. 

The  same  method  as  sub.  I.  a.  For  the  method  of  separating 
the  metals  in  the  filtrate  from  the  excess  of  nitrate  of  silver,  we 
refer  to  the  fifth  section.  Some  of  the  metallic  chlorides  require 
certain  precautionary  modifications  of  the  process  ;  among  them 
we  have  to  notice  more  particularly  perchloride  of  tin,  and  the 
chlorides  of  antimony.  Were  we  to  conduct  the  process  exactly  in 
the  same  way,  we  should  obtain,  besides  chloride  of  silver,  a  pre- 
cipitate consisting  of  a  mixture  of  peroxide  of  tin  with  oxide  of 
silveri  or  of  a  basic  salt,  (in  the  case  of  antimonial  compounds). 
In  the  latter  case  we  may  readily  prevent  the  precipitation  of  the 
basic  salt  by  adding  tartaric  acid  to  the  solution  of  the  chlo- 
ride of  antimony.  But  when  we  have  to  deal  with  perchloride  of 
tin,  it  is  necessary  to  precipitate  the  metal  with  sulphuretted  hy- 
drogen ;  (vide  §  96 ;)  and  to  determine  the  hydrochloric  acid  in 
the  filtrate,  compare  §  133.  Great  care  should  be  taken  not  to 
heat  this  filtrate  to  the  degree  at  which  hydrochloric  acid 
volatilizes. 

b.  Insoluble  chlorides, 

a.  Chlorides  soluble  in  nitric  acid. 

The  chloride  is  dissolved  in  nitric  acid  without  the  application 
of  heat,  and  the  farther  process  conducted  as  directed  sub.  I.  a. 

p.  Chlorides  which  do  not  dissolve  in  nitric  acid.  (Chloride  of 
lead,  chloride  of  silver,  protochloride  of  mercury.) 

aa.   Chloride  of  lead  and  chloride  of   silver  are  commonly 
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analysed  by  reducing  them  to  the  metallic  state  by  means  of 
hydrogen  gas,  ( Tide  §  86  and  87, )  and  determining  the 
amount  of  chlorine  from  the  diminution  of  weight.  Chloride  of 
silver  may  also  be  ignited  in  a  porcelain  crucible,  with  three  parts 
of  a  mixture  of  carbonate  of  soda,  and  carbonate  of  potass,  until 
the  mass  begins  to  enter  into  fusion.  The  mass,  when  cold,  is 
treated  with  water,  when  the  alkaline  chlorides  will  be  dissolved 
out,  leaving  the  metallic  silver  behind.  The  solution  of  the  alka- 
line chloride  is  to  be  treated  as  directed  sub.  II.  a. 

hb.  Protochloride  of  mercury  is  decomposed  by  digestion  with 
potass  ley.  The  hydrochloric  acid  in  the  filtrate  is  determined  as 
II.  a.  directs.  The  protoxide  of  mercury  is  dissolved  in  aqua 
regia  and  the  mercury  determined  as  directed  §  89. 

c.  The  soluble  chlorides  of  the  metals  of  the  fourth,  fifth,  and 
sixth  group,  may  be  decomposed  by  sulphuretted  hydrogen  or 
hydrosulphuret  of  ammonia.  The  hydrochloric  acid  in  the  filtrate 
is  determined  as  §  133  directs.     This  method  is  rarely  applied. 

d.  In  some  metallic  chlorides  (for  instance  in  those  of  the 
metals  of  the  first  and  second  group)  the  proportion  of  chlorine 
may  be  determined  by  evaporating  with  sulphuric  acid,  and  then 
converting  the  base  into  a  sulphate  :  this  sulphate  is  subsequently 
ignited  and  weighed,  and  the  proportion  of  chlorine  inferred  from 
the  loss  of  weight.  This  method  is  inapplicable  to  chlorides  of 
silver  and  of  lead,  which  are  decomposed  by  sulphuric  acid  imper- 
fectly and  with  difficulty,  and  likewise  to  protochloride  of  mercury, 
perchloride  of  mercury,  and  perchloride  of  tin,  which  are  altogether 
or  nearly  undecomposable  by  sulphuric  acid. 

Determination  of  chlorine  in  a  free  state. 

If  we  have  the  chloride  in  aqueous  solution,  this  solution  is  to 
be  mixed  with  ammonia  in  excess.  Nitrogen  gas  escapes,  and 
the  solution  contains  chloride  of  ammonium,  in  which  the  chlorine 
is  determined  as  directed. 

(3  Cl+4  NHa=N-f3[NH^  CI.]) 
When  the  chlorine  is  evolved  as  gas,  this  is  transmitted  through 
dilute  solution  of  ammonia,  and  the  rest  of  the  process  conducted 
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in  the  manner  just  now  described.  The  apparatus  illustrated  by 
engraving  XXXVI.  is  most  appropriately  adapted  for  the  evolution 
of  the  chlorine  and  its  absorption  by  ammonia. 

PLATE   XXXVI. 


This  apparatus  scarcely  requires  any  explanation.  The  chlorine 
is  evolved  in  c.  a  and  b  contain  ammonia;  (the  quantity  of 
ammonia  in  a  should  be  more  than  sufficient  by  itself  to  absorb 
all  the  chlorine  that  is  likely  to  be  evolved).  The  flask  a  is  con- 
nected with  c  by  means  of  the  tube  a,  the  lower  end  of  which 
does  not  even  reach  quite  to  the  surface  of  the  ammonia  The 
tube  b  cond\icts  the  chlorine  which  may  escape  absorption  in  a, 
into  B,  and  should  the  chlorine  not  be  retained  completely  even 
in  B,  the  last  traces  of  it  will  be  absorbed  in  the  funnel  tube  c ;  the 
lower  end  of  this  tube  is  cut  obliquely,  and  is  made  to  reach  the 
surface  of  the  ammonia  in  b,  so  as  hardly  to  enter  into  it ;  the 
funnel  of  this  tube  contains  some  loose  cotton,  which  is  kept 
moistened  with  ammonia.  Towards  the  conclusion  of  the  opera* 
tion,  the  last  traces  of  chlorine  are  expelled,  by  pouring  a  solu- 
tion of  bicarbonate  of  potass  into  c,  through  tJie  funnel  tube  rf, 
(which,  during  the  process,  was  filled  with  solution  of  common 
salt).  Several  other  methods  of  determining  free  chlorine  will 
be  found  §  137.     The  latter  methods  must  be  had  recourse   to 
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in  all  cases  where  hydrochloric  aoid  exists  in  comhination  with 
chlorine. 

§  108. 

2.    HYDROBROMIC   ACID. 

L  Determination. 
Free  hydrohromic  acid  in  solution  is  precipitated  with  solution 
of  nitrate  of  silver^  and  the  further  process  conducted  exactly  as 
directed  §  107,  for  the  estimation  of  chlorine  (as  chloride  of 
silver).  Properties  of  the  hromide  of  silver,  vide  §  68,  2.  The 
results  are  perfectly  accurate. 

II.  Separation  of  bromine  from  the  bases. 
The  metallic  bromides  are  analysed  exactly  like  the  correspond- 
ing metallic  chlorides.  (§  107.)  In  the  decomposition  of  bro- 
mides by  sulphuric  acid,  porcelain  crucibles  ought  to  be  substi- 
tuted for  platinum  vessels,  since  the  latter  would  be  affected  by 
the  liberated  bromine. 

Determination  of  free  bromine. 
If  we  have  the  bromine  in  aqueous  solution,  this  solution  is  to 
be  treated  exactly  as  aqueous  solution  of  free  chlorine,  (vide 
§  107,  Determination  of  free  Chlorine) ; — if  we  have  bromine 
mixed  with  water,  the  safest  way  of  determining  the  proportion  of 
bromine,  is  to  introduce  the  mixture  of  bromine  and  water  into  a 
capacious  flask,  to  add  a  tolerably  large  quantity  of  water  to  it, 
and  finally  ammonia ;  the  latter  is  best  introduced  into  the  flask 
through  a  funnel  tube.  The  nitrogen  gas  which  escapes,  is  con- 
ducted by  means  of  a  bent  tube  into  a  dilute  solution  of  ammonia ; 
both  fluids  are  finally  mixed,  and  the  further  operation  conducted 
as  directed  §  107.  This  way  of  proceeding  will  effectually  pre- 
vent any  loss  of  bromine. 

§  109. 

3.   HYDRIODIC   ACID. 

I,  Determination. 
Hydriodic  acid  in  solution  is  precipitated  with  nitrate  of  silver. 
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and  the  further  process  conducted  exactly  as  directed  §  107, 
(hydrochloric  acid).  Properties  of  iodide  of  silver,  vide  §  68,  8. 
The  results  are  perfectly  accurate. 

The  following  method  is  exclusively  applied  to  separate  hydrio- 
die  acid  from  hydrochloric  acid  and  hydrobromic  acid.  The  solu- 
tion of  these  acids  is  mixed  with  solution  of  protochloride  of  pal- 
ladium, as  long  as  a  precipitate  is  formed  ;  the  whole  mixture  is 
then  allowed  to  stand  at  rest  for  twelve  hours,  and  the  fluid 
filtered  off  from  the  bro¥m  black  precipitate,  which  is  then 
washed  with  warm  water,  and  dried  at  a  temperature  of  from 
158°  to  176** ;  the  process  of  drying  is  continued  until  the  weight 
of  the  precipitate  ceases  to  vary ;  but  the  temperature  must  not 
be  raised  beyond  176°,  since  this  might  cause  a  trifling  loss  of 
iodine.  The  drying  may  be  greatly  &ciUtated  by  washing  the 
precipitate  first  with  warm  water,  then  with  alcohol,  and  finally 
with  a  little  ether.  The  best  way,  however,  is  to  dry  the  precipi- 
tate in  vacuo,  by  the  side  of  a  vessel  with  sulphuric  acid.  For  the 
properties  of  the  precipitate,  vide  §  68,  3.  This  method,  if  care- 
fully executed,  yields  very  accurate  results. 

II.  Separation  of  iodine  from  the  metals. 

What  we  have  stated  regarding  metallic  bromides,  applies  like- 
wise to  metallic  iodides.  In  cases  where  we  have  to  deal  with 
iodides  of  the  alkaline  metals,  containing  free  alkali,  this 
alkali  must  first  be  nearly  neutralized  with  nitric  acid;  solution  of 
nitrate  of  silver  in  excess  is  then  to  be  added,  and  finally  nitric 
acid,  until  the  fluid  acquires  a  strongly  acid  reaction.  Were  we 
to  add  an  excess  of  nitric  acid  in  the  first  instance,  free  iodine 
might  separate,  which  would  subsequently  not  be  completely  con- 
verted into  iodide  of  silver,  upon  the  addition  of  the  nitrate. 

Many  iodides,  which  are  insoluble  in  water,  are  more  advanta* 
geously  decomposed  by  boiling  in  solution  of  caustic  potass,  than  by 
solution  in  dilute  nitric  acid,  since  the  latter  process  readily  gives 
rise  to  the  separation  of  iodine.     This  applies  more  particularly  to 
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the  protiodides  of  copper,  palladium,  and  mercury.  Periodide  of 
mercury  is  digested  with  potass  to  complete  decomposition,  (hy- 
drated  peroxide  of  mercury  separates,  whilst  soluble  periodide  of 
potassium  and  mercury  is  formed) ;  hydrosulphuret  of  ammonia 
is  added,  and  subsequently  sal  ammoniac  in  excess,  and  the  fluid 
is  filtered  off  from  the  bisulphuret  of  mercury,  which  is  then 
estimated  as  directed  §  89.  The  iodine  in  the  filtrate  is  deter- 
mined according  to  §  133. 

The  iodine  in  the  soluble  iodides  may  also  be  precipitated  as 
protiodide  of  palladium. 

Determination  of  free  iodine. 
Free  iodine  in  a  moist  state,  or  in  solution,  cannot  be  converted 
into  iodide  of  ammonium,  Uke  bromine  and  chlorine>  by  mixing 
with  ammonia,  since  the  contact  of  iodide  with  ammonia 
gives  rise  to  the  formation  of  iodide  of  nitrogen,  and  this  com- 
pound of  iodine  is  not  decomposed  by  ammonia  in  excess.  We 
must,  therefore,  have  recourse  to  the  following  method : — The 
firee  iodine,  or  the  solution  of  iodine,  is  mixed  with  a  tolerably 
large  amount  of  water,  and  potash  ley  subsequently  added,  until 
the  brown  color  of  the  solution  has  completely  disappeared.  The 
fluid  is  then  nearly  neutralized  with  dilute  nitric  acid,  solution 
of  nitrate  of  silver  added  in  excess,  and  finally  nitric  acid,  until 
the  mixture  acquires  an  acid  reaction.  The  precipitate  contains  five 
parts  of  the  iodine  present,  in  the  form  of  iodide  of  silver,  and 
the  sixth  part  iodate  of  silver.  This  precipitate  is  treated  exactly 
as  if  it  did  consist  wholly  of  iodide  of  silver.  Upon  ignition,  the 
iodate  is  transformed  into  the  iodide.  The  results  fall  a  trifle 
short  of  theoretical  calculation,  since  iodate  of  silver  is  not  abso- 
lutely insoluble  in  nitric  acid. 

§  110. 
4.  hydrocyanic  acid. 
I.  Determination. 
Free  hydrocyanic  acid  is  best  estimated  as  cyanide  of  silver. 
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The  cyaDides  are  determined  either  in  the  same  manner,  or  the 
proportion  of  hydrocyanic  acid  is  inferred  from  the  products 
of  their  decomposition ;  (vide  Organic  Elementary  Analysis). 
Solution  of  free  hydro^anic  acid  is  to  be  tolerably  diluted,  and 
solution  of  nitrate  of  silver  added  in  excess;  the  precipitated 
cyanide  of  silver  is  determined  as  directed  §  86. 

II.  Separation  of  cyanogen  from  the  metals. 

a.  Soluble  metallic  cyanides,  (percyanide  of  mercury  ex- 
cepted). 

The  solution  of  the  cyanide  is  mixed  with  solution  of  nitrate  of 
silver  in  excess ;  nitric  acid  is  added,  until  the  reaction  becomes 
acid,  and  the  further  operation  is  conducted  as  directed  sub.  I. 
The  bases  in  the  filtrate  are  determined,  after  the  removal  of  the 
excess  of  nitrate  of  silver ;  vide  section  V. 

b.  Insoluble  metallic  cyanides,  which  dissolve  readily  in  dilute 
nitric  acid. 

The  cyanide  is  dissolved  in  highly  dilute  nitric  acid,  in  a  bottle 
with  a  ground  stopper ;  the  solution  is  materially  promoted  by 
agitating  the  bottle ;  nitrate  of  silver  is  added  in  excess,  and  the 
further  process  conducted,  as  directed  sub.  II.  a. 

c.  Insoluble  cyanides  without  exception. 

The  cyanide  is  ignited,  and  the  metallic  residue  determined, 
either  by  direct  weighing,  or  by  solution  in  acid,  and  subsequent 
precipitation.  The  proportion  of  the  cyanide  is  either  inferred 
from  the  loss  of  weight  which  the  analysed  substance  has  under- 
gone, or  determined  by  the  method  of  organic  elementary  analysis. 
Many  of  the  metallic  cyanides  may  also  be  decomposed  by  evapo- 
ration with  hydrochloric  acid. 

d.  Percyanide  of  mercury. 

The  aqueous  solution  of  percyanide  of  mercury  is  precipitated 
by  sulphuretted  hydrogen.  The  cyanogen  is  determined  in  ano- 
ther portion  of  the  percyanide  by  the  method  for  the  quantitative 
estimation  of  nitrogen  described  §  147. 
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III.    Analysis    of  the  feerocyanides  and  other 

DOUBLE  CYANIDES. 

a.  Compounds  free  from  alkali. 

The  compound  under  examination  is  intensely  ignited  in 
a  porcelain  crucible^  small  portions  of  nitrate  of  potass  are 
projected  into  it,  and  the  mass  is  kept  in  fusion  for  some  time; 
when  cold,  it  is  treated  with  water.  The  oxides  which  remain 
are  separated  by  methods  which  will  be  found  described  in  section 
v.  The  cyanogen  is  determined  by  ignition  with  oxide  of  copper, 
yide  section  YI.  (This  method  is  inapplicable  to  compounds 
containing  alkali,  since  the  introduction  of  nitre  into  the  crucible 
would  give  rise  to  a  more  or  less  violent  deflagration.) 

b.  CompoutuU  containing  alkali. 

The  compound  under  examination  is  evaporated  with  con- 
centrated sulphuric  acid,  fuming  nitric  acid,  or  aqua  regia ;  (accord- 
ing as  it  is  more  readily  decomposed  by  one  or  the  other  of  these 
acids) ;  the  free  acid  is  at  last  completely  expelled,  the  residue  ig- 
nited, and  the  further  process  conducted  as  directed  sub.  a.  Com- 
pounds which  are  not  completely  decomposed  by  either  of  these 
acids,  cobalticyauide  of  potassium,  for  instance,  are  either  ig- 
nited in  the  air,  and  kept  in  this  state  for  a  very  considerable 
time,  or  they  are  ignited  in  contact  with  oxide  of  copper ;  the 
latter  process  induces  complete  decomposition  under  all  circum- 
stances. 

c.  In  cases  where  we  have  to  deal  with  ferrocyanides  contain- 
ing a  volatile  metal,  and  which  consequently  lose  a  constituent 
upon  ignition,  this  constituent  is  determined  by  dissolving  ano- 
ther portion  of  the  analysed  substance,  according  to  circumstances, 
either  in  hydrochloric  acid  or  in  potass,  and  precipitating  the  metal 
with  sulphuretted  hydrogen. 
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§  111. 

5.  HYDROSULPHURic  ACID  (sulphuretted  hydrogen). 

I.  Determination. 

Free  sulphuretted  hydrogen  is  best  determined  as  sulphuret 
OF  ARSENIC ;  the  sulphur  in  metallic  sulphurets  is  determined 
either  as  sulphuret  of  arsenic^  or,  more  frequently,  as  sulphate 
OF  rarytes. 

a.  The  sulphuretted  hydrogen  is  in  aqueous  solution. 

The  solution  is  mixed>  in  a  closed  flask,  with  an  excess  of  solu- 
tion of  pure  arsenious  acid  in  hydrochloric  acid ;  the  precipitate 
which  is  formed  is  allowed  to  subside,  the  fluid  passed  through  a 
weighed  filter,  and  the  precipitate  collected  upon  the  latter,  where 
it  is  carefully  washed  with  cold  water,  dried  at  212^,  and  weighed. 
For  properties  of  the  precipitate,  vide  §  66. 

Tn  the  chapter  on  the  analysis  of  mineral  waters  will  be  found 
a  method  of  measuring  a  certain  definite  amount  of  sulphuretted 
hydrogen  water  ofl*  from  a  large  quantity. 

h.  The  sulphuretted  hydrogen  is  evolved  in  tlte  gaseous  state. 

The  sulphuretted  hydrogen  gas  is  conducted  into  a  solution  of 
arsenious  acid  in  potass  ley  ;  after  the  completion  of  this  opera- 
tion, hydrochloric  acid  is  added  until  the  reaction  becomes  acid ; 
the  precipitate  of  sulpharsenious  acid  which  is  formed  is  allowed 
to  subside*  and  treated  as  directed  sub.  I.,  a.  The  apparatus 
illustrated  by  Plate  XXXVI.  (vide  §  107)  is  likewise  well 
adapted  for  the  evolution  of  sulphuretted  hydrogen  gas,  and  its 
absorption  by  arsenious  acid.  To  expel  the  last  traces  of  sul- 
phuretted hydrogen  from  c,  the  same  means  are  had  recourse 
to  as  for  the  expulsion  of  the  last  trace  of  chlorine,  (vide  §  107, 
determination  of  free  chlorine).  In  the  case  of  sulphuretted 
hydrogen,  however,  the  flask  o  is  moderately  heated  before  the 
solution  of  bicarbonate  of  potass  is  poured  into  it. 

II.  Separation  of  sulphur  from  the  metals. 

1.  methods  in  the  dry  way. 
a.  Sulphurets  which  lose  no  sulphur  hy  the  action  of  heat. 
The  finely  levigated  sulphuret  under  examination  is   mixed 
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widi  three  parts  of  anhydrous  oarhonate  of  0oda^  and  thiee  parta 
of  nitrate  of  potass,  in  a  porcelain  omcible^  by  means  of  a  rounded 
glass  rod ;  the  partioles  of  the  mixture  adhering  to  the  rod  are 
carefully  wiped  off  against  some  carbonate  of  soda^  which  is  like- 
wise added  to  the'  mixture.  The  crucible  is  then  exposed  to  a 
gradually  increased  heat  until  its  contents  are  in  a  state  of  fiision, 
in  which  they  are  kept  for  some  time.  The  mass  is  finally  al«- 
lowed  to  cool,  the  residue  heated  with  water,  the  solution  filtered, 
and  the  sulphuric  acid  determined  in  the  filtrate  in  the  manner 
directed  at  §  100  ;  the  filtrate  contains  all  the  sulphur  as  alkaline 
sulphate.  The  residuary  metal,  metallic  oxide,  or  carbonate,  is 
determined,  according  to  the  circumstances  of  the  case,  either 
by  direct  weighing,  or  otherwise. 

b.  Sulphurets  which  lose  sulphur  by  the  taction  of  heat. 

The  finely  levigated  sulphuret  under  examination  is  mixed 
with  four  parts  of  carbonate  of  soda,  eight  parts  of  nitrate  of 
potass,  and  sixteen  parts  of  pure  and  perfectly  dry  common  salt, 
and  the  process  conducted  as  directed  sub.  II.  a. 

c.  Sulphurets,  the  radicals  of  which  fortii  fixed  compounds 
with  chlorine. 

The  apparatus  illustrated  by  Plate  XXXVII.  is  used. 

PLATE  XXXVII. 


T   2 
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c  is  a  flask  adapted  for  the  evolution  of  chlorine  gas^  b  con- 
tains concentrated  sulphuric  acid,  c  chloride  of  calcium ;  (both 
these  substances  serve  to  dry  the  evolved  chlorine) ;  rf '  is  a  bul- 
bous-tube, bent  at  a  right  angle ;  the  descending  limb  of  this  tube 
passing  air-tight  through  a  perforated  cork,  dips  into  the  flask 
e,  which  is  three-fourths  filled  with  water ;  f  conducts  the  excess 
of  chlorine  gas  into  the  flask  ^,  which  is  filled  with  milk  of  Ume 
or  potass  ley,  to  prevent  the  operator  from  being  inconvenienced 
by  the  smell  of  chlorine. 

When  the  apparatus  is  prepared,  the  sulphuret  to  be  examined 
is  weighed  in  a  narrow  glass  tube,  closed  at  one  end,  and  subse- 
quently transferred  from  this  tube  into  the  bulb  of  d\  in  the  man- 
ner illustrated  by 

PLATE  xxxvni.  d'  is  then  connected  with  c 

and  e»  The  process  is  com- 
menced by  inducing  a  slow  and 
uniform  evolution  of  chlorine. 
When  the  apparatus  is  com- 
pletely filled  with  chlorine, — 
(which  is  apparent  from  the 
yellow  green  tint  assumed  by  the  empty  part  of  e), — a  very  gentle 
heat  is  applied  to  the  bulb  of  d '.  The  sulphuret  is  decomposed 
in  this  operation,  the  metal  being  transformed  into  chloride,  and 
the  sulphur  into  chloride  of  sulphur,  which  latter  flows  into  the 
flask  e.  Coming  here  into  contact  with  water,  the  chloride  of 
sulphur  is  decomposed,  forming  hydrochloric  acid  and  hypo- 
sulphurous  acid,  with  separation  of  sulphur ;  the  hyposulphurous 
acid  decomposes  further  into  sulphur  and  sulphurous  acid,  which 
latter  is  finally,  by  the  ^tion  of  the  chlorine  water,  converted 
into  sulphuric  acid.  The  final  result  of  the  decomposition  is 
consequently  sulphuric  acid,  and  a  greater  or  less  amount  of 
sulphur.  The  operation  is  concluded  when  chloride  of  sulphur 
ceases  to  distil  over  from  d\  Heat  is  then  applied  to  d'  from  the 
bulb  towards  the  bend,  so  as  to  force  all  the  chloride  of  sulphur 
which  may  remain  in  this  part  to  pass  over  into  e.     After  allow- 
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ing  the  apparatus  to  stand  at  rest  for  some  time,  the  tube  d'  is 
divided  under  the  bend,  and  the  separated  end  thrown  into  e. 

The  flask  e  is  gently  heated  until  the  free  chlorine  is  com- 
pletely expeUed ;  it  is  then  permitted  to  stand  at  rest  until  the 
separated  sulphur  (which  appears  as  fluid  at  first)  has  solidified 
(this  requires  generally  about  twelve  hours).  The  sulphur  is 
then  collected  upon  a  tared  filter,  washed,  dried  and  weighed. 
The  rinsing  water  is  added  to  the  filtrate,  and  the  sulphuric  acid 
in  the  latter  determined  as  directed  §  100.  By  adding  the  pro- 
portion of  the  sulphur  inferred  from  the  weight  of  the  sulphate 
of  barytes  to  the  amount  of  the  separated  sulphur,  as  ascertained 
by  direct  weighing,  we  obtain  the  total  amount  of  the  sulphur 
originally  present  in  the  analysed  compound.  The  chloride  re- 
maining in  the  bulb  d '  is  either  weighed  directly,  (chloride  of 
silver,  chloride  of  lead,  &o.,)  or,  should  this  not  be  admissible, 
(as  in  the  case  with  copper,  for  instance,  which  remains  partly 
as  sub-chloride  and  partly  as  chloride,)  is  dissolved  in  water,  aqua 
regia,  or  any  other  appropriate  solvent,  and  the  metal  determined 
as  directed  in  the  first  part  of  this  section. 

When  we  have  chloride  of  silver  or  chloride  of  lead  to  deal 
with,  we  weigh  the  tube  d'  together  with  its  contents,  and,  as  it 
is  necessary  to  subtract  irom  the  weight  found,  that  of  the 
tube,  we  must  clean  the  latter.  If  it  contains  chloride  of 
silver,  this  may  be  removed  by  careful  rinsing  with  water ;  but  if 
it  contains  chloride  of  lead,  this  is  to  be  fused  together  with  a 
small  portion  of  sulphuret  of  potassium  and  then  rinsed  with 
water. 

The  method  c  is  not  frequently  pursued  in  the  analysis  of 
simple  sulphurets,  owing  to  its  complexity ;  but  its  application . 
is  indispensable  for  the  analysis  of  many  compound  sulphurets. 

2.   METHODS  IN   THE    HUMID  WAY. 

a.  All  solid  sulphurets,  with  the  exception  of  sulphuret  of 
lead,  of  barium,  of  strontium,  and  of  calcium,* 
*  The  analysis  of  sulphuret  oflead  has  been  given  §  67,  5  ;  the  remaimnx 
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The  salphiiret  under  examination  is  finely  levigated,  and  weighed 
in  a  small  glass  tube,  closed  at  one  end,  which  is  then  thrown 
into  a  strong  tolerably  capacious  flask,  provided  with  a  glass 
stopper,  and  which  contains  a  quantity  of  red  fuming  nitric  acid, 
(perfectly  firee  from  sulphuric  acid,)  more  than  sufficient  for  the 
decomposition  of  the  sulphur^  in  the  tube. 

The  flask  is  quickly  and  firmly  closed  the  moment  the  tube 
has  been  lihiown  into  it.  The  action  is  very  violent  at  first ; 
when  it  has  relaxed  in  some  measure,  the  flask  is  agitated ;  if 
this  causes  no  firesh  reaction,  and  the  vapors  in  the  flask  have 
condensed,  the  stopper  is  removed,  and,  (after^  placing  a  thin 
glass  hook  into  the  mouth  of  the  flask,)  loosely  replaced,  and  the 
flask  exposed  to  a  gentle  heat. 

a.  The  whole  of  the  sulphub  is  oxidized,  the  fluid  18 
PERFECTLY  CLEAR.  The  fluid  is  diluted  with  a  large  portion 
of  water,  and  the  sulphuric  acid  formed  is  determined  as  directed 
§  100.  (Care  should  be  taken  to  wash  the  precipitate  carefully 
and  completely  with  hot  water.)  For  the  methods  of  separating 
the  bases  in  the  filtrate  firom  the  excess  of  the  salt  of  barytes,  we 
refer  to  section  V. 

p0  Undissolved  sulphur  is  floating  in  the  fluid. 

aa.  No  bismuth  is  present.  Chlorate  of  potass  is  added  in 
small  portions,  the  mixture  digested  until  all  the  sulphur  is  dis- 
solved, and  the  further  process  conducted  as  directed  sub.  II.  2, 
a.,  a. 

bb.  Bismuth  is  present.  The  fiuid  is  diluted  with  water  and 
filtered ;  the  sulphur  is  collected  upon  a  weighed  filter,  washed 
with  dilute  acetic  acid,  dried,  and  weighed.  The  bismuth  in  the 
filtrate  is  determined  as  §  01,  1,  ^.  directs,  and  the  sulphuric  acid 
in  the  fiuid  filtered  off  from  the  sulphuret  of  bismuth,  and  acidi- 
fied with  hydrochloric  acid,  estimated  as  directed  sub.  II.  2,  a.  a. 
The  amount  of  sulphur  calculated  from  the  sulphate  of  barytes 

three  sulphurets  may  be  treated  in  a  similar  maniier ;  it  is  preferable,  how- 
ever, to  decompose  them  in  the  dry  way. 
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formed  is  added  to  the  weight  of  the  undissolved  sulphur^  (vide 
supra.) 

b.  Dissolved  sulphurets  of  the  aikaliea  and  alkaline  earths. 

Sulphnrets  whidi  contain  hyposulphites  or  sulphates  in  ad- 
mixture are  analysed  as  directed  §  182. 

a.   ThB  SULPHURBTS  DO  NOT  CONTAIN  AN  EXCESS  OF  SULPHUR. 

€ui.  The  sulphuret  under  examination  is  decomposed  with 
hydrochloric  acid,  and  the  evolved  gas  conducted  into  a  hydro- 
chloric solution  of  arsenious  add,  supersaturated  with  ammonia ; 
for  the  subsequent  operations,  vide  I.,  b.  The  base  remains  in 
the  retort  as  chloride.  To  be  enabled  to  determine  this  with 
facility,  solution  of  carbonate  of  ammonia  is  substituted  for  bi- 
carbonate of  potass,  in  order  to  expel  the  last  traces  of  sulphu- 
retted hydrogen  from  the  apparatus. 

bb.  The  solution  of  the  sulphuret  under  examination  is  mixed 
with  hydrochloric  solution  of  arsenious  acid,  supersaturated  with 
ammonia;  hydrochloric  acid  is  added,  and  the  further  process 
conducted  as  directed  sub.  I.,  h.  For  the  methods  of  separating 
the  base  from  the  excess  of  arsenious  acid,  we  refer  to  section  V. 

j8.  The  sulphurets  contain  sulphur  in  excess. 

The  same  method  is  pursued  as  sub.  II.,  2,  (.,  a.,  aa.,  with  this 
difference,  that  the  sulphur  which  separates  in  the  retort  is  col- 
lected upon  a  tared  filter,  washed,  dried,  weighed,  and  its  weight 
added  to  that  calculated  from  the  sulphuret  of  arsenic  (sulphar- 
senious  acid)  formed  in  the  process. 


THIRD  GROUP. 
nitric  acid — CHLORIC  ACID. 

§  112. 

1    NITRIC  ACID. 

I.  Determination. 
Free  nitric  acid  in  solution  is  estimated  either  from  the  amount 
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of  barytes  combining  with  it,  or  from  the  amount  of  carbonic  acid 
expelled  by  its  action  from  bicarbonate  of  soda. 

a.  The  solution  is  mixed  with  water  of  barytes  until  it  begins 
to  acquire  an  alkaline  reaction  ;  the  solution  is  then  slowly  evapo- 
rated in  the  air,  nearly  to  dryness,  the  residue  again  diluted  with 
water,  and  filtered ;  the  carbonate  of  barytes  formed  by  the  action 
of  the  carbonic  acid  of  the  air  upon  the  excess  of  water  of  barytes 
is  washed,  and  the  rinsing  water  added  to  the  filtrate,  in  which 
the  barytes  is  finally  determined  as  directed  §  74  ; — one  equiva- 
lent of  nitric  acid  is  calculated  for  every  equivalent  of  barytes. 
This  method,  if  properly  and  carefully  executed,  yields  very  accu- 
rate results.  The  operator  has  to  take  care  more  especially  to 
avoid  adding  the  water  of  barytes  greatly  in  excess,  and  to  ascer- 
tain whether  the  evaporated  fluid  has  completely  lost  its  alkaline 
reaction  before  he  filters  it. 

b.  This  method  is  executed  by  means  of  the  apparatus  illus- 
trated by 

PLATE    XXXIX. 


A  portion  of  the  fluid  to  be  examined  is  weighed  into  the  flask 
A  ;  a  small  glass  tube  is  filled  with  bicarbonate  of  soda  or  bicar- 
bonate of  potass,  (this  may  contain  chloride  of  sodium,  sulphate, 
&c.,  in  admixture,  without  interfering  with  the  operation ;  but 
it  must  not  contain  the  slightest  trace  of  simple  alkaline  carbo- 
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nate;  its  quantity  should  be  more  than  sufficient  to  saturate 
the  acid  in  the  flask)  is  suspended  with  the  flask  A  by  means 
of  a  thread  fixed  in  between  the  stopper  and  the  neck  of  the 
flask.  The  apparatus  is,  in  every  other  respect,  arranged  exactly 
like  that  described  §  105. 

The  apparatus,  when  fiilly  arranged  and  prepared,  is  equipoised 
upon  the  balance.  The  stopper  is  then  slightly  lifted,  so  as  to 
release  the  thread  by  which  the  little  glass  tube  with  the  bicar- 
bonate is  suspended;  the  operator  must  take  care  to  refix  the 
stopper  air-tight  as  soon  as  the  glass  tube  has  dropped  into  the 
flask.  A  lively  evolution  of  carbonic  acid  commences  the  very 
instant  that  the  contents  of  the  small  glass  tube  come  in  contact 
with  the  fluid  in  A,  and  continues  for  some  time  at  the  samejrate 
of  briskness ;  it  grows  |ifterwards  gradually  slower,  andjfinally 
ceases  altogether,  when  the  flask  A  is  to  be  placed  in  a  water-bath  of 
from  122*^  to  131**.  The  evolution  of  carbonic  acid  recommences 
upon  this  immersion  in  hot  water ;  when  it  has  again  completely 
ceased,  the  little  wax  stopper  b  is  slightly  loosened,  the  flask  a  re- 
moved from  the  water-bath,  and  suction  applied  to  d  (by  means  of 
a  perforated  cork)  until  the  air  ceases  to  taste  of  carbonic  acid.  The 
apparatus,  when  perfectly  cool,  is  replaced  upon  the  balance,  and 
die  original  equilibrium  restored  by  additional  weights.  The  sum 
of  the  weights  required  to  restore  the  original  equilibrium  is  equal 
to  the  amount  of  the  expelled  carbonic  acid.  Every  equivalent 
of  nitric  acid  yields  two  equivalents  of  carbonic  acid,  (Na  O, 
2CO,  +  N05=»NaO,NO  -h2CaOJ. 

The  results  are  very  accurate.*  That  this  method  will  equally 
serve  to  determine  most  other  acids,  and  that  it  is  applicable  to 
the  determination  of  free  nitric  acid,  consequently  only  in  cases 
where  the  solution  contains  no  other  acid  besides  thls^  must  be 
perfectly  obvious  to  every  one.  The  reason  which  induces  me  to 
assign  this  general  method  more  particularly  to  nitric  acid  is, 
that  we  posses  no  other  simple  and  accurate  method  of  deter- 
mining this  acid. 

♦  Vide  New  methods  of  Alkalimetry,  &c.,by  Drs.  C.  R.Fresenius  and  H. 
Will,  edited  by  J.  Lloyd  Bullock.    Taylor  and  Walton,  London. 
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II»  Separation  of  nitric  acid  from  the  bases. 

a.  Anhydrous  saltB. 

a.  The  base  is  determined  (by  the  appropriate  method)  and 
the  proportion  of  nitric  acid  present  inferred  from  the  difference 
between  the  weight  of  the  reduced  base  and  that  of  the  analysed 
nitrate. 

/3.  The  nitrate  under  examination  is  finely  levigated  and  in- 
timately mixed  with  from  two  to  three  parts  of  perfectly  anhy- 
drous borax;  the  mixture  is  introduced  into  a  platinum  cru- 
cible, and  the  latter  weighed  with  its  contents.  A  gentle  heat 
is  now  applied,  which  is  increased  very  gradually  until  the  mass 
in  the  crucible  is  in  a  state  of  calm  Aision,  when  it  is  al- 
lowed to  C00I9  and  finally  weighed.  Tl^e  difference  between  the 
last  and  the  first  weight  expresses  directly  the  amount  of 
nitric  acid  originally  present  in  the  analysed  nitrate.  The  results 
are  accurate.  This  method  is  inapplicable  to  nitrate  of  ammonia. 
(ScHAFFGOTTSCH,  Poggcud.  Aunalen,  vol.  Ivii.  p.  260.) 

h.  Hydrated  salts. 

A  sample  of  the  nitrate  under  examination  is  divided  into  two 
portions,  and  the  base  determined  in  the  one  by  the  appro- 
priate method,  the  water  and  acid,  (the  latter  firom  the  volume 
of  nitrogen  gas) ;  in  the  other  portion,  according  to  the  method 
of  organic  elementary  analysis,  (§  148^)  expelling  the  air  from 
the  combustion  tube  by  means  of  carbonate  of  lead,  heated  to 
incipient  decomposition,  instead  of  using  bicarbonate  of  soda 
for  this  purpose,  as  recommended  at  §  148.  Shotdd  the  operator 
not  possess  the  mercury  necessary  for  the  latter  method,  he  may 
confine  himself  to  determine  the  base  and  the  water,  and  infer 
the  proportion  of  nitric  acid  from  the  difference  between  the 
joint  weight  of  these  two  constituents  and  the  original  weight  of 
the  analysed  nitrate. 

c.  Soluble  salts,  the  bases  of  which  are  completely  precipitated 
by  barytes  or  sulphuret  of  barium. 

The  solution  of  the  nitrate  under  examination  is  mixed  with 
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water  of  barytes  (or  with  sulphuret  of  bariona)  until  it  manifests 
an  alkaline  reaction,  and  the  base  in  the  precipitate  determined  by 
the  appropriate  method;  the  filtrate  is  evaporated  to  dryness, 
the  residue  extracted  with  water,  and  the  solution  of  nitrate  of 
barytes  thus  obtained,  treated  according  to  the  directions  given 
at  I.,  a.,  (the  solution  of  nitrate  of  barytes  must  not  manifest  an 
alkaline  reaction).  Should  sulphuret  of  barium  have  been  used 
as  precipitant,  the  extraction  of  the  residue  is  to  be  e£feoted  ac- 
cording to  II.  d.y  (the  excess  of  the  sulphuret  of  barium  added, 
changing,  upon  evaporation  in  the  air,  into  insoluble  sulphate  and 
hyposulphite  of  barytes.) 

d.  Nitrate  of  barytes^  strontia,  and  lime. 

The  solution  of  the  salt  under  examination  is  mixed  with 
sulphuric  acid  in  very  slight  excess,  and,  in  the  case  of  the 
nitrate  of  strontia  and  lime,  alcohol  added  to  render  the  preci- 
pitation more  complete.  The  fluid  is  filtered  off  &om  the  preci- 
pitate, and  water  of  barytes  dropped  into  the  filtrate  until  the 
reaction  is  feebly  alkaline;  the  mixture  is  then  evaporated  to 
dryness  in  the  water*bath,  and  the  residue  heated  with  water, 
(which  must  not  lose  the  slight  alkaline  reaction  during  the 
process) ;  the  resulting  solution  is  subsequently  filtered  off,  and 
the  residue  washed  with  boiling  water  upon  the  filter  until  the 
last  rinsings  remain  perfectly  dear  and  transparent  when  tested 
with  sulphuric  acid.  The  solution  of  nitrate  of  barytes  thus 
obtained  is  finally  treated  according  to  I.  a. 

e.  Soluble  salts  of  the  fifth  and  sixth  group. 

The  highly  dilute  solution  of  the  salts  under  examination  is  intro- 
duced into  a  bottle,  provided  with  a  glass  stopper,  and  mixed 
with  strongly  saturated  sulphuretted  hydrogen  water  in  very 
slight  excess,  (the  exact  point  may  be  attained  best  by  adding 
the  sulphuretted  hydrogen  water  in  small  portions,  and  agitating 
the  flask  after  every  fresh  addition). 

The  precipitate  formed  is  allowed  to  subside,  the  fluid  filtered 
off  from  it,  and  the  filtrate  treated  according  to  the  directions 
of  II.  rf.     (The  sulphuret  of  barium  which  forms  upon  the  satu- 
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ration  of  the  filtrate  with  water  of  harytes^  changes^  upon  evapora- 
tion in  the  air,  into  insoluble  sulphate  and  hyposulphite  of 
barytes.) 

/.  Insoluble  nitrates  of  metallic  oxides  may  also  be  decom- 
posed by  digestion  with  sulphuretted  hydrogen  water  or  with 
solution  of  sulphuret  of  barium ;  it  is  more  advisable,  however, 
to  analyse  them  according  to  II.  a.  or  J.,  which  are,  moreover, 
in  every  respect  the  most  appropriate  of  all  the  methods  which  I 
have  described,  and  preferable  to  c,  d,  and  e.y  in  all  cases  ad- 
mitting of  the  choice,  since  the  three  latter  methods  are  very 
circuitous,  and  demand  the  most  careAil  performance  of  the  several 
operations. 

§  113. 

2.   CHLORIC  ACID. 

I.  Determination. 

Chloric  acid  is  either  converted  into  hydrochloric  acid,  for  the 
purpose  of  its  quantitative  estimation,  or  its  proportion  is  deter- 
mined from  the  loss  of  weight  which  the  analysed  chlorate  sufiers 
in  the  process  of  decomposition,  or  finally,  its  amount  is  calcu- 
lated from  the  volume  of  oxygen  which  it  yields. 

Free  chloric  acid  in  aqueous  solution  is  determined  most  simply 
in  tlie  following  manner.  The  solution  containing  the  chloric  acid  is 
mixed  with  an  aqueous  solution  of  sulphurous  acid  until  the 
mixture  smells  strongly  of  the  latter,  even  after  repeated  agi- 
tation of  the  fiask  which  contains  it ;  the  flask  is  then  stoppered, 
and  its  contents  are  digested  for  some  time ;  dilute  solution  of 
bichromate  of  potass  is  then  added  until  the  odour  of  sulphurous 
acid  has  completely  disappeared,  when  nitric  acid  is  added,  and 
subsequently  solution  of  nitrate  of  silver  in  excess,  the  further 
process  being  conducted  according  to  §  107.  The  proportion 
of  chloric  acid  originally  present  in  the  solution  is  calculated 
from  the  amount  of  chloride  of  silver  obtained. 

II.  Separation  of  chloric  acid  from  the  bases. 
The  salt  under  examination  is  introduced  into  a  crucible  and 
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exposed  to  a  gentle  heat,  which  is  gradually  increased  to  intense 
redness,  (the  crucihle  being  covered,)  and  maintained  thus  until 
the  weight  ceases  to  vary.  The  residue  contains  either  a  metallic 
chloride  (this  is  the  case,  for  instance,  with  alkaline  chlorates, 
and  with  chlorate  of  lead,  chlorate  of  silver,  &c.)  or  a  metallic 
oxide,  in  the  case  of  chlorate  of  alumina,  for  instance).  The 
proportion  of  chloric  acid  originally  present  in  the  analysed  com- 
pound is  calculated  from  the  loss  of  weight  which  the  latter 
suffers  in  this  process.  If  the  salt  under  examination  contains 
water,  the  ignition  is  to  be  effected  in  a  small  retort,  and  the 
escaping  gases  are  to  be  transmitted  through  a  chloride  of  cal- 
cium tube.  The  amount  of  oxygen  evolved  may  be  inferred  from 
the  difference  in  the  weight  of  the  apparatus  before  and  after  the 
process;  but  the  oxygen  may  of  course  also  be  collected  and 
measured  over  mercury. 


SECTION  V. 

SEPARATION  OF  BODIES. 
§  114. 


Having  thus  disposed  of  the  methods  which  serve  to  determine 
the  amount  of  the  basis  and  acids,  present  in  simple  compounds, 
we  come  -now  to  those  methods  which  are  applied  to  analyse 
compounds  or  mixtures  containing  several  or  many  bases  and 
acids,  and  to  determine  the  proportional  quantity  of  every  indi- 
vidual base,  or  acid,  or,  in  other  words,  which  serve  to  effect  the 
separation  of  bodies  from  one  another. 

There  are  two  ways  of  determining  the  proportional  amount 
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of  the  iudividaal  constituents  of  complea:  compounds  or  mix- 
tures, viz.,   the  way  of    direct  analysis,   and  that  of  indirect 


By  direct  anfdysis,  we  understand  the  €U)tual  separation  of 
the  several  individual  adds,  or  bases  present  in  a  compound 
or  mixture.  Thus  we  separate  potass  from  soda  by  means  of 
bichloride  of  platinum,  copper  from  bismuth  by  means  of 
cyanide  of  potassium,  arsenic  from  iron  by  means  of  sulphu- 
retted hydrogen,  iodine  from  chlorine  by  means  of  protonitrate 
of 'palladium,  phosphoric  acid  from  sulphuiio  acid  by  means  of 
barytes,  charcoal  from  nitrate  of  potass  by  means  of  water,  &c, 
&c.  The  principle  of  the  methods  of  direct  analysis  is  accord- 
ingly to  convert  one  of  the  two  substances  which  it  is  intended 
to  separate  into  an  insoluble  state,  under  circumstances  which 
cause  the  solution  of  the  other,  or  vice  versd.  This  mode  of 
analysis  is  preferable  to  the  indirect  way,  and  is  accordingly  had 
recourse  to  wherever  the  circumstances  of  the  case  will  permit. 

We  term  an  analysis  indirect,  if  it  does  not  effect  the  actual 
separation  of  the  substances  which  we  wish  to  determine,  but 
causes  certain  changes  enabling  us  to  infer  or  calculate  the 
proportional  amount  of  the  individual  bases,  or  acids,  pre- 
sent in  the  analysed  compound  or  mixture.  Thus,  for  instance, 
the  respective  proportional  quantity  of  potass  and  soda  jointly 
present  in  a  compound  or  mixture,  may  be  determined  by  con- 
verting these  two  bases  into  sulphates,  weighing  the  latter  and 
determining  the  proportion  of  sulphuric  acid  respectively  contained 
in  them ;  (§  115  ;)  thus  the  amount  of  protoxide  of  iron  existing 
by  the  side  of  peroxide  may  be  determined  by  ascertaining  the 
amount  of  gold  which  the  former  reduces  from  the  perchloride  of 
that  metal,  &c.,  &c. 

Indirect  analysis,  though  applicable  in  on  exceedingly  great 
number  of  cases,  is  generally  had  recourse  to  only  to  supply  the 
deficiency  of  methods  of  actual  separation.  It  is  impossible  to 
point  out  every  special  case  in  which  indirect  analysis  may  be 
preferable  to  direct  analysis ;  I  have,  accordingly,  confined  myself 
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to  indicate  the  more  frequently  occurring  instances  of  this  kind. 
For  the  calculations  of  indirect  analyses,  I  refer  to  Fort  II.  of  this 
work.  (Calculation  of  analyses.)  In  certain  instances,  how- 
ever, I  have  deemed  it  more  appropriate  to  affix  the  mode  of  cal- 
culation to  the  description  of  the  method. 

For  the  sake  of  greater  perspicuity  and  simplicity,  I  have  re- 
tained our  former  subdivision  into  groups,  and,  as  far  as  possible, 
systematically  arranged,  first,  the  general  separation  of  the  sub- 
stance belonging  to  one  group  from  those  of  the  preceding  group 
or  groups ;  secondly,  the  separation  of  individual  substances  of 
one  group  from  aU  or  from  individual  substances  of  the  preceding 
group  or  groups ;  thirdly,  and  finally,  the  separation  of  substances 
of  one  and  the  same  group,  from  one  another.  I  think  I  need 
scarcely  observe  that  the  general  methods  which  serve  to  separate 
the  whole  of  the  substance  of  one  group  from  those  of  another 
group,  are  equally  appUcable  to  the  separation  of  every  individual 
substance  of  this  group  from  all  or  from  every  individual  substance 
of  the  other  group.  I  beg,  moreover,  to  remark  that  I  do  not  by 
any  means  intend  to  assert  that  the  special  methods  given  subse- 
quently are  preferable  to  the  general  methods,  nor  that  no  other 
methods  besides  those  which  I  have  selected  for  description 
in  this  work,  might  not  be  equally  advantageously  applied. 
A  wide  field  is  left  open  to  individual  sagacity  in  this  re- 
spect. 

In  the  selection  of  methods  I  have  been  guided  entirely  by 
experience,  and  I  have  given  the  preference  invariably  to  those 
which  yield  the  most  accurate  results.  In  oases  where  two  equally 
accurate  methods  presented  themselves,  I  have  either  given  both, 
or  selected  the  more  simple  of  the  two.  I  have,  moreover, 
endeavoured  to  point  out,  as  far  as  possible,  the  particular 
circumstances  under  which  either  the  one  or  the  other  of  several 
methods  deserve  the  preference. 

The  methods  given  in  this  work  are  generally  based  upon  the 
presupposition  that  the  base  or  acid  to  be  separated  exists  in  a 
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free  state,  or  in  the  form  of  a  salt  soluble  in  water.    Wherever 
such  is  not  the  case,  it  is  specially  mentioned. 

I  have  added  in  some  places,  for  the  sake  of  the  connection, 
certain  special  analytical  methods  which  serve  for  the  examination 
of  substances  employed  in  arts,  manufactures,  and  trades,  such 
as  potass,  soda,  manganese,  chloride  of  lime,  &c.,  although  the 
special  part  of  this  work  might  perhaps  be  considered  a  more 
proper  place  for  their  description. 


I.  SEPARATION  OF  BASES  FROM  ONE  ANOTHER. 

FIRST  GROUP. 
POTASS — SODA — AMMONIA. 
§    115. 
1.   SODA  FROM  POTASS. 

a.  Direct  analysis  (  by  means  of  bichloride  of  platinum.) 
Of  all  the  methods  proposed  to  effect  the  actual  separation  of 
soda  from  potass,  there  is  but  one  that  yields  accurate  results, 
viz.  the  separation  of  the  potass  by  means  of  bichloride  of  plati- 
num. This  method  is  based  upon  the  insolubility  of  the  potassio- 
chloride  of  platinum  in  spirits  of  wine,  and  the  perfect  solubility 
of  sodio  chloride  of  platinum  in  this  menstruum. 

The  application  of  this  method  presupposes  as  an  indispensable 
condition  that  both  alkalies  be  present  in  the  state  of  chlorides. 
Should  this,  therefore,  not  be  already  the  case,  it  is  necessary,  in 
the  first  place,  to  convert  them  into  chlorides.  Simple  evaporation 
with  an  excess  of  hydrochloric  acid  suffices,  in  most  cases,  to 
effect  this  conversion.  But  if  phosphoric  acid,  sulphuric  acid,  and 
boracic  acid  are  present,  this  process  fails  to  attain  the  desired  end, 
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and  the  method  described  §§  100,  101,  102,  must  be  resorted 
to. 

The  mixed  chloride  of  sodium  and  potassium  is  accurately 
weighed,  (§§  71,  72,)  dissolved  in  a  little  water,  and  aqueous 
solution  of  bichloride  of  platinum  added  in  excess ;  the  mixture  is 
then  evaporated  nearly  to  dryness,  in  the  water-bath,  and  the 
residue  treated  with  spirits  of  wine  of  from  76  to  80  per  cent. 
After  the  lapse  of  several  hours,  the  solution  of  the  sodio-chloride 
of  platinum  is  filtered  off  from  the  undissolved  potassio-chloride  of 
platinum  (§71).  (If  the  filtrate  appear  of  a  deep  yellow  colour,  this 
may  be  considered  a  sure  sign  that  a  sufficient  amount  of  bichlo- 
ride of  platinum  has  been  used  in  the  process.)  The  potassio- 
chloride  of  platinum  is  washed  upon  the  filter  with  spirits  of  wine, 
dried  at  212^  and  weighed.  The  proportion  of  chloride  of  potas- 
sium present  in  the  potassio-chloride  of  platinum  is  found  by 
simple  calculation ;  by  subtracting  the  resulting  figure  from  the 
total  weight  of  the  analysed  chloride,  we  find  the  proportion  in 
which  the  chloride  of  sodium  was  originally  present  in  the  latter. 
Should  it,  however,  be  desirable  to  determine  the  proportion  of  the 
soda  in  a  direct  way,  the  filtrate  is  to  be  treated  according  to 
§  128. 

b.  Indirect  analyttis. 

Both  alkalies  are  converted  into  neutral  sulphates  (  §§  71  and 
72,)  and  weighed  in  this  form  ;  the  proportion  of  sulphuric  acid 
contained  in  them  is  determined  according  to  the  directions 
given  at  §  100,  and  the  respective  quantities  of  soda  and  potass 
calculated  from  these  data.  (Vide  infra.  Calculation  of  Ana- 
lyses.) 

2.  Ammonia  from  soda  and  potass. 

a.  The  salts  of  the  alkalies  which  it  is  intended  to  separate, 
contain  the  same  acid,  and  this  a  volatile  one,  and  admit  of  being 
freed  from  watery  by  drying  at  212%  without  losing  ammonia. 
(Such,  for  instance,  are  the  alkaline  chlorides.) 

The  total  amount  of  the  mixed  salts  to  be  analysed  is  weighed 
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in  a  platinum  crucible,  and  a  gentle  heat  applied,  which  is  finally 
increased  to  faint  redness,  and  maintained  for  some  time  at  this 
point.  The  loss  of  weight  which  the  analysed  compound  under- 
goes in  this  process,  indicates  the  amount  of  the  ammoniacal  salt 
originally  present  in  it.  Should  sulphuric  acid  be  the  acid  present, 
the  operator  must  be  particularly  careful  to  increase  the  heat 
very  gradually,  since,  otherwise,  some  loss  might  be  incurred  by  the 
decrepitation  of  the  sulphate  of  anmionia ;  and  has,  moreover,  to  bear 
in  mind,  that  part  of  the  sulphuric  acid  of  the  sulphate  of  ammonia 
remains  in  combination  with  the  sulphates  of  the  fixed  alkalies, 
and  that  the  latter  must  therefore  be  converted  first  into  neutral 
sulphates  (by  ignition  in  an  atmosphere  of  carbonate  of  ammonia) 
before  their  weight  can  be  determined.  (Compare  §§  71,  72.) 

This  method  is  also  applicable  in  certain  cases  where  the  am- 
monia exists  in  combination  with  a  difierent  acid  from  that  com- 
bined with  the  fixed  alkalies ;  thus,  for  instance,  chloride  of  am- 
monium or  carbonate  of  ammonia  may  be  most  accurately  separated 
in  this  manner  from  the  sulphates  of  soda  and  potass. 

A.  One  or  the  other  of  the  conditions  given  at  a.,  is  not  fuU 
filled. 

Should  it  be  impossible  to  remedy  this  by  simple  means,  the 
mixed  compound  is  to  be  divided  into  two  portions,  the  fixed 
alkalies  being  subsequently  determined  in  the  one,  and  the  ammo- 
nia in  the  other  portion.  The  portion  intended  for  the  determi- 
nation of  the  soda  and  potass,  is  ignited  until  the  ammonia  is 
completely  expelled,  and  the  residue  treated  according  to  §  115, 
1.  The  ammonia  is  determined  in  the  other  portion  as  directed 
§  73,  2,  ^. 

c.  The  compound  under  examination  contains  soda  and  am- 
monia, but  no  potass. 

The  separation  may  in  such  cases  be  effected  also  in  the  same 
manner  as  that  of  soda  from  potass,  by  means  of  bichloride  of 
platinum;  (vide  §  115.  1.  a,) 
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SECOND   GROUP. 
BARYTES— 8TR0NTU — ^LIME — ^MAGNESIA. 

I.   Separation  of  the  oxides  of  the   second   group  from 

THOSE   OF  THE   FIRST. 
§    116. 

The  application  of  one  precipitant  is  not  sufficient  to  effect  the 
separation  of  the  whole  of  the  alkaline  earths  from  the  alkalies ; 
two  precipitants  are  necessary  for  this  purpose.  By  "  alkalies'* 
we  understand  hei'e  exclusively  potass  and  soda ;  should  ammonia 
be  present^  this  is  first  to  be  removed  by  ignition,  in  the  manner 
described  at  §  1 1 5,  2,  ez.  . 

a.  Separation  of  the  whole  of  the  alkaline  earths  from  potass 
and  soda. 

The  solution  of  the  compound  under  examination  is  mixed 
with  chloride  of  ammonium,  and  subsequently  with  an  excess  of 
carbonate  of  ammonia,  containing  an  admixture  of  caustic  am- 
monia; a  gentle  heat  is  then  applied,  the  fluid  subsequently 
filtered  off  from  the  precipitate,  and  the  latter  thoroughly  washed. 
(§§  74,  75,  76). 

The  precipitate  contains  the  harytes,  strontia,  and  lime,  in  the 
form  of  carbonates.  The  filtrate  is  evaporated  to  dryness,  and 
the  residue  ignited,  to  remove  the  ammoniacal  salts.  The  ignited 
residue  is  then  extracted  with  water,  (which  generally  leaves  a 
trifling  amount  of  magnesia  undissolved) ;  water  of  barytes  is 
added  in  excess,  (without  previous  filtration,)  and  the  mixture 
heated  to  boiling,  and  filtered  hot. 

The  precipitate  contains  the  magnesia  as  hydrated  oxide;  this 
is  finally  determined  as  directed  at  §  77^  1,  b.  The  filtrate  QiOj^- 
tBdns  potass  and  soda,  in  conjunction  with  the  excess  of  barytes 
used  in  the  process  ;  the  latter  substance  is  precipitated  with  car- 
bonate of  ammonia,  containing  an  admixture  of  caustic  ammonia; 
the  fluid  is  filtered  off  firom  the  precipitated  carbonate  of  barytes, 
and  evaporated ;  the  alkalies  are  finally,  if  necessary,  converted 
into  chlorides,  (by  evaporation  with  hydrochloric  acid,)  and 
weighed  in  this  form.  (§§  71,  72). 

u  2 
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For  the  degree  of  precision  attainable  by  this  method  of  sepa- 
rating magnesia  from  the  alkalies,  I  refer  to  the  direct  experiment. 
No.  64. 

b.  Separation  of  individual  alkaline  earths  from  potass  and 
soda, 

1.  Barytes  from  potass  and  soda. 

The  barytes  is  precipitated  by  means  of  dilute  sulphuric  acid, 
(§  74,  i,  a.);  the  filtrate  is  evaporated  to  dryness,  and  the  residue 
ignited,  in  conjunction  with  carbonate  of  ammonia,  (§  71,  1, 
§  72,  1).  A  sufficient  amount  of  sulphuric  acid  should  be  added, 
to  convert  the  alkalies  likewise  completely  into  sulphates. 

This  method  is  preferable  to  that  described  at  a.,  in  cases 
where  we  have  to  separate  the  barytes  singly  from  either  of  the 
two  fixed  alkalies,  since  it  yields  more  accurate  results ;  in  cases, 
however,  where  the  barytes  is  to  be  separated  from  both  potass 
and  soda  at  the  same  time,  the  former  method  is  more  convenient, 
since  it  furnishes  the  alkalies  in  the  form  of  chlorides. 

2.  Strontia  from  potass  and  soda. 

Strontia  may,  like  barytes,  be  separated  from  the  fixed  alkalies, 
by  means  of  sulphuric  acid.  The  method  described  at  a.  is  pre- 
ferable, however,  in  all  cases  where  the  choice  is  permitted. 
Compare  §  75. 

8.  Lime  from  potass  and  soda. 

The  lime  is  precipitated  with  oxalate  of  ammonia,  ($  76,  2,  b,  a.) 
the  filtrate  is  evaporated  to  dryness,  and  the  alkalies  determined 
in  the  ignited  residue.     The  results  are  more  accurate  still  than 
those  attained  by  the  application  of  the  metliod  given  at  a. 
4.  Magnesia  from  potass  and  soda. 

The  method  which  I  am  about  to  describe,  requires  that  the 
bases  be  present  in  the  form  of  chlorides. 

The  concentrated  solution  of  the  chlorides  under  examination, 
is  mixed  with  finely  levigated  peroxide  of  mercury  in  excess ; 
the  mixture  is  evaporated,  the  residue  ignited,  and  the  magnesia 
which  is  formed  in  this  process,  finally  separated  from  the  alkaline 
chlorides,  by  means  of  hot  water.  (§  77,  3,  b.)  (Berzelius.) 
The  results  are  very  accurate. 
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II.   Separation  of  the  oxides  of  the  second  group  from 

ONE   another. 

§  117. 

1.  Barttes  from  btrontia. 

The  neutral  or  feebly  aoid  solution  of  the  compound  under 
examination,  is  mixed  with  hydrqfluosilicic  acid  in  excess ;  the 
mixture  is  kept  standing  at  rest  for  twelve  hours,  and  the  fluid 
subsequently  passed  through  a  weighed  filter,  upon  which  the  pre- 
cipitated silicojluoride  of  barium  is  to  be  collected  and  washed, 
until  the  water  which  runs  off  ceases  to  manifest  the  slightest 
acid  reaction  ;  the  precipitate  is  then  finally  dried  at  212^.  For 
the  properties  of  silicofluoride  of  barium,  vide  §  45. 

The  filtrate  is  concentrated  by  evaporation,  and  the  strontia 
precipitated  from  it  in  the  form  of  *tt^Aa^^o/'«/r(?»^tVi.  (§75,  l,a.) 
The  results  are  pretty  accurate.  (Compare  experiment  No.  65.) 
All  other  methods  that  have  been  recommended  to  effect  ihe  sepa- 
ration of  strontia  from  barytes,  are  greatly  inferior  in  accuracy  to 
this  method.  The  separation  of  the  chlorides  of  barium  and 
strontium,  by  means  of  absolute  alcohol,  yields  likewise  very  in- 
different results.     (Compare  experiment  No.  66.) 

2.  Barytes  from  lime. 

a.  Barytes  and  lime  may  be  separated  in  the  form  of  chloride, 
by  means  of  absolute  alcohol^  in  the  same  manner  as  the  chlorides 
of  barium  and  strontium.  (Vide  experiment  No.  66.)  This  method, 
though  yielding  somewhat  more  accurate  results  than  when  applied 
to  effect  the  separation  of  strontia  from  barytes,  is  nevertheless 
still  inferior  in  point  of  precision  to  the  method  described  at  b. 
Should  its  application,  notwithstanding,  be  resorted  to,  the  operator 
must  take  care  to  moisten  the  mixed  chlorides  with  a  few  drops  of 
hydrochloric  acid,  previously  to  the  addition  of  the  alcohol ;  the 
lime  in  the  filtrate  is  precipitated  best  by  means  of  sulphuric  acid. 
(§  76,  1,  a.) 

b.  The  solution  of  the  compound  under  examination  is  acidu- 
lated with  hydrochloric  acid,  should  it  no    already  contain  fre- 
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acid;  it  is  then  mixed  with  highly  dilute  sulphuric  acid,  (1  part 
of  acid  to  300  parts  of  water^)  until  the  formation  of  a  precipitate 
ceases ;  the  precipitated  sulphate  of  baryies  is  filtered  and  deter- 
mined according  to  §  74,  1,  a.  The  filtrate  is  concentrated  by 
evaporation,  the  free  acid  in  it  neutralized  with  ammonia,  and 
the  lime  finally  precipitated  in  the  form  of  oxalate  of  lime,  {%  76, 
2,  b,  a.)  This  method  is  based  simply  upon  the  circumstance  that 
sulphuric  acid  diluted  with  300  parts  of  water,  does  not  precipitate 
salts  of  lime,  whilst,  on  the  other  hand,  it  precipitates  salts  of 
barytes.     The  results  are  accurate. 

3.  Strontia  from  lime. 

The  mixed  nitrates  of  strontia  and  lime  are  extracted  with 
absolute  alcohol.  The  process  is  conducted  in  the  manner  de- 
scribed at  experiment  No.  66,  (separation  of  strontia  from 
barytes) ;  the  undissolved  nitrate  of  barytes  is  collected  upon  a 
weighed  filter,  subsequently  dissolved  in  water^  and  determined 
as  sulphate  of  strontia.  (§  75,  1.)  The  lime  is  precipitated  from 
the  alcoholic  solution  in  the  form  of  sulphate  of  lime.  The  results 
are  pretty  accurate. 

4.  Barytes,  strontia,  lime,  and  magnesia,  from  one 

ANOTHER. 

Sal  ammoniac  is  added  to  the  solution  of  the  compound  under 
examination,  and  the  barytes,  strontia,  and  lime,  are  subsequently 
precipitated  with  carbonate  of  ammonia,  (§§  74,  76) ;  the  mag- 
nesia in  the  filtrate  is  precipitated  with  phosphate  of  soda. 
(%  77,  2.) 

The  precipitated  carbonates  are  converted  into  chlorides,  and 
the  barytes  is  separated  from  the  strontia  and  lime,  by  means  of 
hydrofluosilicic  acid.  The  filtrate  is  concentrated  by  evaporation, 
sulphuric  acid  added  in  excess,  and  subsequently  alcohol;  the 
fluid  is  filtered  off  from  the  precipitate  of  mixed  sulphate  of 
strontia  and  lime,  and  these  two  salts  are  then  converted  into  car- 
bonates, according  to  §  100,  2,  b.  a.;  the  carbonates  are  subse- 
quently converted  into  nitrates,  and  the  latter  finally  separated  as 
directed  at  3. 


§  117.]  SECOND   GROUP  FROM   EACH   OTHER*  295 

5.  BaRYTES   and   8TR0NTIA   FROM   MAONESU. 

Barytes  may  also  be  separated  from  magnesia  by  precipitating 
first  tbe  barytes  with  sulphuric  acid,  (%  74,  1,  a.) ;  and  subse- 
quently the  magnesia  in  tbe  filtrate  with  phosphate  of  soda  and 
ammonia.  (§  77,  2.)  This  method  yields  more  accurate  results 
than  that  described  at  4.  The  separation  of  strontia  from  mag- 
nesia may  likewise  be  effected  in  the  same  manner ;  this  method, 
moreover,  is  not  preferable  to  that  given  at  4. 

6.  Lime  from  magnesia. 

a.  The  ammoniacal  solution  of  the  compound  under  examina- 
tion is  mixed  with  chloride  of  ammonium,  and  the  lime  subse- 
quently precipitated  with  oxalate  of  ammonia,  (§  76,  2,  J.)  The 
magnesia  in  the  filtrate  is  finally  precipitated  with  phosphate  of 
soda.  (§  77,  2.)  The  results  are  more  accurate  than  those  attain- 
able by  the  method  described  at  4. 

b.  In  cases  where  the  lime  and  magnesia  which  it  is  intended 
to  separate  exist  in  combination  with  phosphoric  acid^  the  solu- 
tion is  acidified  with  acetic  acid,  and  the  lime  precipitated  in  the 
form  of  oxalate  of  lime,  (§  76,  2,  b,  p.)  \  the  magnesia  in  the 
filtrate  is  precipitated  as  basic  phosphate  of  magnesia  and  am- 
monia, (§  77,  2.) 

c.  Magnesia  and  lime,  when  in  the  state  of  sulphates,  may  be 
separated  also  in  the  following  manner : — ^The  mixed  sulphate  of 
lime  and  magnesia  under  examination,  is  gently  ignited,  and  sub- 
sequently weighed ;  the  residue  is  then  digested  with  a  perfectly 
saturated  solution  of  gypsum ;  the  sulphate  of  lime,  which  of 
course  is  absolutely  insoluble  in  this  menstruum,  is  subsequently 
filtered  o£f,  collected  upon  the  filter,  and  washed  with  solution  of 
gypsum,  until  every  trace  of  sulphate  of  magnesia  is  removed  from 
the  insoluble  residue.  The  moist  filter  is  then  placed  upon  a 
thick  layer  of  blotting-paper,  to  remove  the  fluid  as  completely  as 
possible ;  and  after  this  the  sulphate  of  lime  is  dried,  ignited,  and 
weighed.  The  amount  of  sulphate  of  magnesia  originally  present 
in  the  analysed  compound  is  ascertained,  simply  by  subtracting  the 
weight  of  the  sulphate  of  lime  from  the  total  weight  of  the  original 
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compound.  This  method  yields  pretty  accurate  results ;  that  obtained 
for  the  lime  is,  however,  always  a  trifle  too  high,  at  the  expense 
of  the  magnesia,  since  it  is  impossible  to  free  the  sulphate  of  lime 
entirely  from  the  solution  of  gypsum  used  in  the  process. 


THIRD   GROUP. 
STRONTU— OXIDE   OF  CHROMIUM. 

I.   Separation  of  the  oxides  of  the  third  group  from 

THE   alkalies. 

§  118. 

a.  Alumina  and  oxide  of  chromium  are  separated  from  ammo- 
nia by  ignition;  the  process  is  conducted  according  to  the 
directions  given  at  §  11 5,  2.  (Separation  of  ammonia  from  soda 
and  potass.) 

b.  The  separation  of  potass  and  soda  from  oxide  of  chromium 
and  alumina,  is  equally  simple.  The  compound  under  examina- 
tion is  mixed  with  a  certain  amount  of  sal  ammoniac,  and  am- 
monia  added  to  alkaline  reaction;  the  mixture  is  then  healed, 
and  finally  filtered.  The  precipitate  contains  the  oxide  of  chro- 
mium and  the  alumina  in  the  form  of  hydrates.  (§  78,  a,y  and 
§  79,  a.) 

The  filtrate  which  contains  the  alkalies  is  evaporated  to  dry- 
ness, and  the  residue  ignited;  every  trace  of  ammoniacal  salt 
present  is  removed  in  this  maimer. 

II.    Separation  of  the  oxides  of  the  third  group  from 

THE   alkaline   EARTHS. 

§  119. 

We  have  no  method  of  separating  oxide  of  chromium  and 
alumina  simultaneously  from  the  alkaline  earths ;  the  precipita- 
tion of  the  former  two  substances  may  indeed  be  effected  by  am- 
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monia  in  presence  of  sol  ammoniao ;  but  the  oxide  of  chromium 
combines  invariably  with  small  portions  of  the  alkaline  earth,  at 
the  moment  of  its  precipitation,  and  the  results  are  therefore 
too  high.  We  must  therefore  proceed  first  to  the  separation  of 
the  alumina  from  the  alkaline  earths,  and  secondly,  to  the  sepa- 
ration of  the  oxide  of  chromium  from  the  latter  substances. 

A.  Separation  of  alumina  from  the  alkaline  earths. 

a.  Separation  of  alumina  from  the  whole  of  the  alkaline 
earths. 

The  solution  of  the  compound  under  examination  is  mixed 
with  chloride  of  ammonium,  and  pure  ammonia  (free  from  carbonic 
acid)  added,  until  it  begins  to  predominate  slightly ;  heat  is  then 
applied,  and  the  fluid  subsequently  filtered  off  from  the  precipi- 
tate formed*  (the  funnel  must  be  kept  covered  carefully  with  a 
glass  plate,  during  filtration,  to  prevent  the  access  of  the  carbonic 
acid  of  the  air)  ; — the  precipitate  is  collected  upon  the  filter,  and 
quickly  washed  with  hot  water.  The  filtrate  contains  the  whole 
of  the  barytes,  strontia,  and  lime,  together  with  the  greater  part 
of  the  magnesia,  the  remainder  being  combined  with  the  pre- 
cipitated hydrate  of  alumina.  The  precipitate  is  dissolved  in 
dilute  hydrochloric  acid ;  and  pure  potass  ley  added,  until  the 
precipitate  of  hydrate  of  alumina,  which  forms  at  first  upon  the 
addition  of  the  potass  ley,  is  completely  redissolved;  the  solution 
is  now  heated,  and  subsequently  filtered  hot  from  the  precipitated 
hydrate  of  magnesia,  which  is  then  thoroughly  washed  with  hot 
water,  and  subsequently  dissolved  in  some  hydrochloric  acid; 
the  solution  is  added  to  the  first  filtrate,  which  contains  already 
the  greater  part  of  the  magnesia,  and  likevdse  the  whole  of  the 
barytes,  strontia,  and  lime.  The  alkaline  earths  are  finally 
separated  from  one  another  according  to  the  directions  given  at 
§  117.  The  alumina  is  precipitated  from  the  potass  solution,  by 
strongly  acidifying  the  latter  with  hydrochloric  acid,  and  adding 
finally  ammonia.  (§  78,  a.) 

I.  Separation  of  individual  alkaline  earths  from  alumina. 
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1.  BaRYTES  and  STRONTIA  FROM  ALUMINA. 

The  barytes  and  strontia  are  precipitated  -with  sulphuric  acid ; 
(§§  74,  75 ;)  the  alumina  in  the  filtrate  is  precipitated  with  am- 
monia, having  preTiously  added  sal  ammoniac  to  the  filtrate. 
(§  78,  a.)  This  method  is  preferable  to  that  given  at  a,  for  the 
separation  of  barytes  from  alumina,  but  not  for  that  of  strontia 
from  the  latter  substance. 

2.  Lime  from  alumina. 

Ammonia  is  added  to  the  solution  of  the  compound  under  ex- 
amination until  a  permanent  precipitate  begins  to  form,  which  is 
redissolved  by  the  addition  of  acetic  acid ;  some  acetate  of  ammo- 
nia is  now  added,  and  finally  oxalate  of  ammonia  in  slight  excess. 
(§  76,  2,  b,  p,)  The  fluid  is  filtered  off  from  the  precipitated 
oxalate  of  lime,  and  the  alumina  in  the  filtrate  precipitated  with 
ammonia,  after  the  addition  of  sal  ammoniac  (§  78,  a.) 

3.  Magnesia  from  alumina. 

Bicarbonate  of  potass  is  added  to  the  solution  of  the  compound 
under  examination  as  long  as  a  precipitate  continues  to  form ; 
(this  process  should  be  conducted  in  a  tall  flask,  to  avoid  loss  by 
spirting.)  The  fluid  is  then  filtered  off  from  the  precipitate,  which 
consists  of  hydrate  of  alumina  mixed  with  potass.  The  filtrate 
contains  the  whole  of  the  magnesia.  The  precipitate  is  dissolved 
in  hydrochloric  acid,  sal  ammoniac  added  to  the  solution,  and  tlie 
alumina  finally  precipitated  with  ammonia.  (§  78,  a.)  The  mag- 
nesia in  the  filtrate  is  precipitated  as  bcunc  phosphate  of  magnesia 
and  ammonia.  (§  77,  2.)     The  results  are  accurate. 

This  method  may  be  applied  also  to  effect  the  joint  separation 
of  lime  and  magnesia  from  alumina ;  in  this  case,  however,  the 
results  are  accurate  only  when  the  amount  of  lime  present  is  in- 
considerable ;  since,  if  a  large  amount  of  lime  be  present,  a  small 
portion  of  bicarbonate  of  lime  will  invariably  precipitate  in  con- 
junction with  the  hydrate  of  alumina,  (owing  to  the  difficult 
solubility  of  bicarbonate  of  lime  in  water.)  To  effect  the  joint 
separation  of  lime  and  magnesia  from  ammonia,  by  means  of 
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bicarbonate  of  potass,  it  is  neoessary  to  dilate  the  solution  con- 
siderably before  the  addition  of  this  reagent. 

B.  Separation  of  oxide  of  chromium  from  the  alkaline 

EARTHS. 

The  most  appropriate  method  of  separating  the  oxide  of  chro- 
mium from  the  whole  of  the  alkaline  earths,  is  to  convert  the 
oxide  of  chromium  into  chromic  acid.  To  effect  this  conversion 
the  finely  levigated  substance  is  mixed  with  two  parts  of  pure 
carbonate  of  soda  and  two  and  a  half  parts  of  nitrate  of  potass ; 
the  mixture  is  introduced  into  a  porcelain  crucible  and  heated  to 
fusion.  The  fused  mass  is  extracted  with  hot  water ;  the  chromium 
dissolved  in  the  form  of  an  alkaline  chromate,  and  is  finally  deter- 
mined according  to  the  directions  given  at  §  99.  The  residue 
contains  the  alkaline  earths  in  the  form  of  carbonates,  or  in  the 
caustic  state  (magnesia). 

I  need  hardly  mention  here  that  barytes  and  strontia  may 
also  be  separated  from  oxide  of  chromium  by  means  of  sulphuric 
acid, 

III.    Separation  of  oxide  of  chromium  from  alumina. 

§  J  20. 

The  known  method  of  separating  alumina  from  oxide  of  chro- 
mium by  protracted  boiling  of  the  potass  solution  of  these  two 
substances,  (upon  which  the  oxide  of  chromium  precipitates  a 
hydrate,  whilst  the  alumina  remains  in  solution,)  yields  very  in- 
different results,  since  the  precipitated  hydrate  of  oxide  of  chro- 
mium contains  invariably  an  admixture  of  alumina.  The  separa- 
tion of  oxide  of  chromium  from  alumina  is  effected  most  com- 
pletely by  the  method  described  at  119,  B.  (separation  of  oxide 
of  chromium  from  the  alkaline  earths).  The  residuary  alumina 
which  remains  upon  extracting  the  fused  mass  with  water,  contains 
alkali ;  to  free  it  firom  this  admixture  it  is  to  be  dissolved  in  hy- 
drochloric acid,  sal  ammoniac  added  to  the  solution,  and  the  alu- 
mina finally  precipitated  with  ammonia.  (§  78,  a.) 

5 
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FOURTH  GROUP. 

OXIDE  OF  ZINC — PROTOXIDE  OF  MANGANESE  — PROTOXIDE  OF 
NICKEL — PROTOXIDE  OF  COBALT — ^PROTOXIDE  OF  IRON — PEROX- 
IDE OF  IRON. 

I.  Separation  of  the  oxides  of  the  fourth  group  from 

THE   alkalies. 

§   121. 

A.  From  ammonia. 

The  same  method  is  applied  which  serves  to  separate  oxide  of 
chromium  and  alumina  from  ammonia.  (§  118,  a.)  Should 
this  method  be  inapplicable,  in  the  case  of  chloride  of  iron  and 
ammonium  for  instance,  the  solution  is  to  be  divided  into  two 
portions,  and  the  metal  determined  in  the  one,  the  ammonia  in  the 
other  portion,  (the  latter  according  to  §  73,  2). 

B.  From  potass  and  soda.  • 

a.  Separation  of  the  whole  of  the  oxides  x>f  the  fourth  group 
from  potass  and  soda. 

The  solution  is  mixed  with  ammonia  till  neutral,  and  subse- 
quently with  pure  colorless  hydro-sulphuret  of  ammonia.  The  pre- 
cipitated metallic  sulphurets  are  filtered  off  from  the  fluid  which 
contains  the  alkalies  in  solution.  The  filtrate  is  evaporated  and  the 
residue  ignited,  to  remove  the  ammoniacal  salts.  The  remaining 
alkalies  are  finally  separated  as  directed  §  115. 

J.  Separation  of  individual  oxides  of  the  fourth  group  from 
potass  and  soda, 

1.  Oxide  of  zinc  from  potass  and  soda. 

If  the  bases  are  combined  with  acetic  acid,  and  no  other  acid 
is  present,  the  zinc  may  be  precipitated  fix)m  the  acid  solution  as 
sulphuret  of  zinc,  and  may  thus  be  separated  fix>m  the  alkalies. 
{%  80.) 

2.  Protoxide  of  nickel  and  protoxide  of  cobalt 

from  potass  and  soda. 
The  bases  are  converted  into  chlorides,  the  solution  is  evapo- 
rated to  dryness,  the  residue  introduced  into  a  bulbous  tube,  and 
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heated  in  a  stream  of  dry  hydrogen  gas.  The  chlorides  of  nickel  and 
cohalt  are  reduced  to  the  metallic  state  by  this  process^  whilst  the 
chlorides  of  the  alkalies  remain  unaltered.  The  residuary  mass  is 
subsequently  acted  upon  'by  water,  when  the  alkaline  chlorides 
dissolve,  leaving  the  undissolved  metals  behind. 

3.  Peroxide  of  iron  from  potass  and  soda. 
The  solution  is  precipitated  with   ammonia,  and  the  whole 
process  conducted  as  directed  §  118,  &.  (separation  of  alumina 
from  the  alkalies.) 

II.  Separation  of  the  oxides  of  the  fourth  group  from 

THE   ALKALINE   EARTHS. 

§  122. 

a.  Separation  of  the  whole  of  the  oxides  of  tJie  fourth  group 
from  the  alkaline  earths. 

Sal  ammoniac  is  added  to  the  solution,  (and  ammonia  likewise 
if  the  solution  is  acid) ;  the  oxides  are  then  precipitated  with 
pure  hydrosulphuret  of  ammonia.  The  alkaline  earths  in  the 
filtrate  are  separated  from  one  another,  as  directed  §  1 1 7.  Whilst 
filtering  the  fluid  from  off  the  precipitated  sulphurets,  the  air 
must  be  carefully  excluded. 

b.  Separation  of  the  whole  of  the  oxides  of  the  fourth  group, 
or  of  individual  oxides  of  this  group,  from  the  alkaline  earths, 
both  collectively  and  individually. 

1.  Barytes  and  strontia  from  the  whole  of  the 

OXIDES  OF  the  fourth  GROUP. 

Barytes  and  stronti^^  are  precipitated  from  the  acid  solution 
by  means  of  sulphuric  acid,  vide  §  74,  1,  and  §  75,  1.  (For  the 
separation  of  barytes,  this  method  is  invariably  preferable  to  that 
described  sub.  a. ;  and,  in  some  instances^  it  is  equally  preferable 
for  the  separation  of  strontia. 

2.  Lime  from  the  vthole  of  the  oxides  of  the  fourth 

GROUP. 

a.  Sal  ammoniac  and  tartaric  acid  are  added  to  the  solution,  and 
subsequently  ammonia,  till  the  reaction  becomes  alkaline ;  the  clear 
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fluid  is  precipitated  with  oxalate  of  ammonia  in  excess.   The  pre- 
cipitated oxalate  of  lime  is  determined  as  directed  at  §  76,  2,  h,  a. 

b.  The  neutral  or  feebly  acid  solution  is  mixed  with  acetate 
of  ammonia,  and  finally  with  oxalate  of  ammonia  in  excess.  (Vide 
§76,  2,  5.,i8.) 

c.  In  cases  where  the  lime  is  to  be  separated  simply  from  zinc, 
nickel,  and  cobalt,  or  from  small  quantities  of  manganese,  the 
method  a.  is  pursued,  with  this  exception,  that  no  tartaric  acid  is 
added  to  the  solution. 

8.  Oxide  of  zinc  from  the  alkaline  earths. 
This  separation  is  accomplished  in  exactly  the  same  way  as 
that  of  oxide  of  zinc  from  the  alkalies.    (§  121,  B.,  h.,  1.) 

4.  Iron  from  barytes,  strontia,  and  lime. 

The  solution  is  precipitated  with  ammonia  free  from  carbonic 
acid,  and  the  precipitated  hydrated  peroxide  of  iron,  filtered  ofil 
The  filtrate  contains  the  alkaline  earths  (§  85).  The  access  of 
air  is  to  be  precluded  during  the  filtration. 

5.  Cobalt,  nickel,  and  zinc  from  barytes,  stron- 
tia, AND  LIME. 

The  solution  is  mixed  with  carbonate  of  potass  in  excess,  cy- 
anide of  potassium  added,  and  a  very  gentle  heat  applied  until  the 
carbonates  of  cobalt,  nickel,  and  of  zinc,  which  precipitate  at 
first,  are  redissolved;  the  solution  of  the  metallic  cyanides  is 
then  filtered  off  from  the  precipitated  carbonates  of  the  alka- 
line earths;  these  are  dissolved  in  dilute  hydrochloric  acid, 
and  separated  from  one  another  as  directed  §  117.  The  cyanides 
in  the  filtrate  are  separated  according  to  the  directions  given  in 
§  124,  6  and  7. 

6.  The   protoxides    of  cobalt  and  nickel  from 

magnesia. 
The  solution  is  precipitated  with  a  mixture  of  solution  of 
hypochlorite  of  potass  and  caustic  potass.  The  precipitate  formed, 
which  consists  of  peroxide  of  nickel,  peroxide  of  cobalt,  and  hy- 
drated magnesia,  is  washed^  and  while  still  moist,  digested  at 
from  86°  to  104^  with  solution  of  perchloride  of  mercury  in 
excess.     In  this  process,  a  double  salt  is  formed, 


§    128.]  FOURTH   GROUP  FROM   THIRD.  303 

MgCl  +  S  HgCl, 
and  the  magnesia  dissolves,  whilst  a  corresponding  amount  of 
hasic  perchloride  of  mercury  precipitates.  (Ullgren,  Berzelius, 
Jahresbericht,  21,  146).  The  solution  and  the  rinsing  water 
are  evaporated,  with  addition  of  pure  peroxide  of  mercury,  and 
the  magnesia  is  determined  as  directed  §  77,  8,  b.  The  mercury  is 
separated  by  ignition  from  the  oxides  of  nickel  and  cobalt,  and 
the  latter  are  finally  separated  from  one  another,  as  will  be  found 
directed  §  124,  6. 

III.  Separation  of  the  oxides  of  the  fourth  group  from 

THOSE   OF  THE    THIRD. 

§  123. 

A.   FROM  ALUMINA. 

a.  Separation  of  the  whole  of  the  oandes  of  the  fourth  group 
from  alumina. 

The  solution  is  mixed  with  potass  ley  in  excess,  and  boiled. 
Iron,  nickel,  cobalt,  and  manganese  separate  as  hydrated  per- 
oxides or  hydrated  protoxides,. whilst  alumina  and  oxide  of  zinc 
remain  in  solution,  (the  latter,  with  the  exception  of  a  minute 
fraction^  which  is  carried  down  with  the  precipitate).  The  solu- 
tion is  diluted  and  filtered,  and  the  precipitate  washed ;  the  oxides 
of  which  it  consists  are  separated  from  one  another,  as  will  be 
found  directed  §  124.  The  zinc  in  the  filtrate  is  precipitated  by 
means  of  sulphuretted  hydrogen ;  the  fluid  is  filtered  off*  from  the 
precipitated  sulphuret  of  zinc,  and  the  alumina  in  the  filtrate 
determined  as  directed  §  78. 

b.  Separation  of  individual  oxides  of  the  fourth  group  from 
alumina. 

1.  Oxide  of  zinc  from  alumina. 
The  separation  of  oxide  of  zinc  from  alumina  is  effected  by 
the  same  means  as  that  of  oxide  of  zinc  from  the  alkalies,  (§  121, 
B.  *.,  1),  viz.,  by  precipitating  the  acetic  solution  with  sulphuretted 
hydrogen,  (§  80).  Alumina  and  oxide  of  zinc  are,  in  many  in- 
stances, most  readily  brought  into  acetic  solution,  by  mixing 
their  solution  in  sulphuric  acid  with  acetate  of  barytes  in  excses. 
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Sulphuretted  hydrogen  is  then  conducted  into  the  solution,  with- 
out applying  heat ;  the  fluid  is  filtered  off  from  the  mixed  pre- 
cipitate of  sulphuret  of  zinc  and  sulphate  of  harytes ;  this  preci- 
pitate is  washed,  and  the  sulphuret  of  zinc  dissolved  out  with 
hydrochloric  acid  ;  the  zinc  is  finally  precipitated  from  this  solu- 
tion as  directed  §  80.  The  alumina  in  the  filtrate  is  determined 
as  directed  §  78,  after  removing  previously  the  harytes  hy  means 
of  sulphuric  acid. 

2.  Cobalt,  nickel,  and  zinc  from  alumina. 

The  separation  is  effected  by  means  of  cyanide  of  potassium  in 
the  same  manner  in  which  cobalt,  nickel^  and  zinc  are  separated 
from  lime,  harytes,  and  strontia,  §  122,  5,  with  this  difference, 
however,  that  no  heat  is  to  be  applied  in  the  process  of  separation 
of  which  we  are  treating  at  present.  The  alumina  which  sepa- 
rates contains  alkali,  and  must  therefore  be  dissolved  in  hydro- 
chloric acid,  and  re-precipitated  from  this  solution  by  means  of 
ammonia,  (§  78). 

B.  From  oxide  of  chromium. 

a.  Separation  of  all  the  oxides  of  the  fourth  group  from  oxide 
of  chromium. 

The  whole  of  the  oxides  are  fused  with  nitrate  of  potass  and  carbo- 
nate of  soda,  (compare  §  1 19,  B.),  the  residue  is  boiled  with  water,  a 
tolerable  amount  of  spirits  of  wine  added,  and  a  gentle  heat  applied 
for  the  space  of  several  hours.  The  solution  is  then  filtered,  and  the 
chromium  in  the  filtrate  determined  as  directed  §  67 ;  the  bases  in 
the  residue  are  separated  from  one  another,  as  will  be  found  directed 
§  124.  The  following  is  the  theory  of  the  process: — the 
oxides  of  zinc,  cobalt,  nickel,  iron,  and  partly  that  of  manganese, 
separate  upon  fusion  with  nitre  and  soda,  whilst,  on  the  other 
hand,  manganate  and  chromate  of  potass  are  formed,  (perhaps 
also  some  ferrate  of  potass).  Upon  boiling  with  water,  the 
chromate  of  potass  dissolves,  together  with  hypermanganate  of 
potass,  the  formation  of  the  latter  causing  peroxide  of  manganese 
to  separate  in  addition  to  the  already  separated  oxides.  Upon 
the  addition  of  alcohol,  combined  with  the  application  of  a  gentle 
heat,  the  hypermanganate  of  potass  is  decomposed,  the  last  por- 


§  128.]         FOURTH  GROUP  FROM  THIRD.  306 

tion  of  the  manganese  separating  as  peroxide.  Thus,  upon  filter- 
ing the  mixture,  we  have  all  the  chromium  in  the  filtrate  as  an 
alkaline  chromate,  and  in  the  residue  we  have  all  the  metals  of 
the  fourth  group. 

The  analysis  of  the  natural  compound  of  oxide  of  chromium 
with  protoxide  of  iron,  which  is  known  as  chrome*iron,  requires  the 
most  carefiil  levigation  and  elutriation  of  the  mineral,  and  long 
protracted  fusion  with  the  appropriate  flux.  In  most  instances, 
even  the  strictest  attention  to  these  points  will  not  prevent  part  of 
the  mineral  remaining  undecomposed ;  whether  such  be  the  case, 
may  be  readily  known  from  the  circumstance  that  the  residue  is 
not  completely  dissolved  by  the  action  of  hydrochloric  acid.  In 
such  cases  the  weight  of  the  undecomposed  portion  of  the  mineral 
is  detennined  and  subtracted  from  the  total  weight  analysed. 

b.  Separation  of  individual  oxides  of  the  fourth  group  from 
oxide  of  chromium, 

1.  Zinc,  manganese,  cobalt,  and  iron  from  oxide 

OF  chromium. 

The  solution  is  mixed  with  tartaric  acid,  potass  added  in 
excess,  and  the  perfectly  clear  solution  precipitated  with  colorless 
sulphuret  of  potassium.  The  precipitated  sulphurets  of  the  fourth 
group  are  separated  from  one  another,  in  the  way  described  §  124. 
The  filtrate  which  contains  the  oxide  of  chromium  is  evaporated, 
the  residue  ignited,  and  subsequently  fused  with  carbonate  of 
soda  and  nitrate  of  potass,  (§119  B,) ;  the  chromium  in  the  thus 
obtained  alkaline  chromate  is  determined  as  §  99  directs.  (It  is  a 
wrong  notion  to  suppose  that  ammonia  fails  to  precipitate  solu- 
tions of  oxide  of  chromium,  in  presence  of  tartaric  acid;  the 
contrary  is  the  case,  and  for  this  reason  ammonia  cannot  be 
substituted  for  potass  in  ihe  process  described  above,  nor  hydro- 
sulphuret  of  ammonia  for  sulphuret  of  potassium.) 

If  the  solution  contains  but  a  slight  amount  of  nickel,  this 
method  may  be  advantageously  resorted  to ;  but  if  the  solu- 
tion, on  the  contrary,  contains  a  large  proportion  of  that  metal, 
the  exceedingly  large  amount  of  tartaric  acid  required  to  prevent 
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the  precipitation  of  the  nickel  by  potass,  renders  its  application 
far  less  advantageous. 

2.  Oxide  of  zinc,  protoxide  of  nickel,  and  protoxide  of 
MANGANESE,  may  also  be  separated  from  oxide  of  chromium,  by 
means  of  carbonate  of  barytes,  as  will  be  found  explained  in 
§  124,  1,  P,  The  digestion  with  the  carbonate  of  barytes  in 
excess  should  be  continued  for  several  hours,  otherwise  some 
chromium  might  remain  in  solution. 

IV.  Separation  of  the  oxides  of  the  fourth  group  from 

ONE  ANOTHER. 

§  124. 
1.   Peroxide   of  iron  from  zinc,  manganese,  and 

NICKEL. 

Of  the  two  methods  which  I  shall  describe  here,  the  first  is  to 
be  preferred  when  the  relative  quantity  of  peroxide  of  iron  present 
is  considerable,  the  second  when  this  quantity  is  small. 

a.  Separation  by  means  of  succinate  of  ammonia. 

The  acid  solution  is  mixed  with  sal  ammoniac,  and  subse- 
quently neutralized  with  ammonia,  so  as  to  precipitate  a  very 
trifling  portion  of  the  peroxide  of  iron ;  solution  of  neutral  suc- 
cinate of  ammonia  (benzoate  of  ammonia  will  answer  equally 
well)  is  then  added,  and  the  precipitated  persuccinate  of  iron 
filtered  ofi*;  the  filtrate  contains  the  other  metals  in  solution.  For 
the  details  of  this  process,  vide  §  85.  The  separation  achieved 
by  this  method  is  complete,  provided  the  process  be  properly 
and  carefully  performed. 

/3.  Separation  hy  means  of  carbonate  of  barytes. 

This  method  is  applicable  only  in  cases  where  the  metallic 
oxides  present  are  combined  with  acids  which  form  soluble  com 
pounds  with  barytes ;  those  acids  should  not  be  present  in  too 
great  excess. 

The  acid  solution  is  very  gently  heated,  (to  from  86^  to  104^,) 
and  mixed  with  artificially  produced  carbonate  of  barytes  (still 
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moist)  (vide  §  87.  6)  until  this  reagent  manifestly  predominates, 
even  after  protracted  digestion  of  the  mixture ;  (this  point  is 
marked  by  the  cessation  of  disengagement  of  gas  and  its  non- 
renewal upon  addition  of  a  fresh  portion  of  the  carbonate).  The 
precipitate  which  forms  is  allowed  to  subside,  the  fluid  is  filtered  off, 
and  the  precipitate  carefully  washed.  It  consists  of  basic  carbo- 
nate of  the  peroxide  of  iron,  mixed  with  the  excess  of  the  carbonate 
of  barytes  added ;  it  is  dissolved  in  dilute  hydrochloric  acid,  the 
barytes  precipitated  with  sulphuric  acid,  the  fluid  filtered  off  from 
the  precipitated  sulphate  of  barytes,  and  the  peroxide  of  iron  in 
the  filtrate  finally  precipitated  with  ammonia,  (§  85).  The  first 
filtrate  contains,  besides  the  salts  of  manganese,  nickel,  &c.,  the 
newly-formed  salt  of  barytes ;  the  barytes  here  is  likewise  re- 
moved by  means  of  sulphuric  acid,  and  the  remaining  metals 
are  separated  from  one  another  by  methods  which  we  shall  shortly 
have  occasion  to  describe.  The  results  afforded  by  this  method 
are  satisfactory.  The  digestion  heat  must  not  be  carried  beyond 
104°,  otherwise  traces  of  manganese,  &c.,  may  be  precipitated  in 
conjunction  with  the  basic  persalt  of  iron.  However,  we  obtain 
always  rather  a  little  too  much  of  the  iron  at  the  expense  of  the 
other  metals,  than  the  reverse,  since  there  is  invariably  a  tendency 
for  traces  of  the  latter  to  precipitate  with  the  basic  persalt  of  iron. 
Artificially  prepared  carbonate  of  lime  may  be  substituted  for  the 
carbonate  of  barytes,  which  latter  is  however  to  be  preferred  in  most 
instances,  since  barytes  is  more  readily  removed  both  from  the  pre- 
cipitated peroxide  of  iron  and  firom  the  filtrate,  than  is  the  case 
with  lime. 

2.  Peroxide  of  iron  from  cobalt. 

The  separation  is  effected  by  means  of  succinate  of  ammonia 
in  exactly  the  same  manner  as  §  124,  1,  a.  Complete  separation 
of  these  two  metals  is  not  to  be  attained  by  carbonate  of  lime  or 
of  barytes. 

3.  Peroxide  of  ikon  from  oxide  of  zinc. 

The  acetic  solution,  to  which  free  acetic  acid  is  to  be  added, 
and  which  must  contain  no  other  acid,  is  acted  upon  by  sulphu- 
retted hydrogen,  (compare  separation  of  alumina  from  oxide  of 
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sine,  §  12S,  A.,  b.,  1).  Should  the  precipitated  sulphoret  of 
zinc  not  be  of  a  pure  white  color — ^a  sign  that  it  contains  some 
sulphuret  of  iron  in  admixture — the  precipitated  fluid  is  to  be 
digested  at  a  gentle  heat  until  the  precipitate  acquires  a  pure 
white  tint,  and  after  cooling,  a  fresh  amount  of  sulphuretted 
hydrogen  is  to  be  transmitted  through  it. 

4.  Protoxide   of  iron  from  zinc,  cobalt,  manga- 
nese, AND  nickel. 

The  protoxide  of  iron  is  converted  into  peroxide,  (§  84),  and 
the  separation  effected  as  directed  ^  124,  1. 

5.  Peroxide  of  iron  from  protoxide  of  iron. 
The  separation  of  the  peroxide  from  the  protoxide  of  iron  is  a 

difficult  task,  and  requires  the  strictest  attention  in  the  perform- 
ance of  the  requisite  process. 

The  proportion  of  these  two  substances  may,  however,  be  like- 
wise determined  in  an  indirect  manner,  and  this  proceeding  is, 
in  general,  preferable  to  direct  separation, 
a.  Analysis  by  direct  separation. 

This  method  is  applicable  only  when  both  oxides  exist  in  a 
form  in  which  they  are  soluble  by  hydrochloric  acid,  or  when  we 
have  them  in  a  solution  which  contains  no  acids,  forming  insoluble 
salts  with  bar]rtes.  The  apparatus  illustrated  by  Plate  XL.  serves 
for  its  execution. 

plate  XL.  The  finely  levigated  sub- 

stance is  introduced  into  the 
flask  A,  and  carbonic  acid 
gas  conducted  into  the  flask 
through  the  tube  d.  As 
soon  as  the  air  is  completely 
expelled,  hydrochloric  acid 
is  poured  into  the  flask 
through  the  funnel-tube  c,  a 
slow  stream  of  carbonic  acid 
gas  being  maintained  all  the 
while.  The  action  of  the 
hydrochloric  acid  is  assisted 
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by  the  application  of  heat.  The  acid  must  not  be  added  too 
greatly  in  excess.  The  solution  obtained  by  this  operation  is 
dilated  with  boiled  and  still  hot  water,  and,  after  oooUng,  pnre 
recently  precipitated  carbonate  of  barytes,  mixed  with  boiled 
water  to  a  milky  flnid,  is  added  through  the  funnel  tube  until 
it  predominates;  the  whole  mixture  is  then  digested  for  some 
time  a  little  above  the  common  temperature.  The  flask  is  then 
filled  with  boiled  water  nearly  up  to  the  end  of  the  tube  b, 
which  is  afterwards  slowly  and  cautiously  depressed  (by  turn- 
ing) and  immersed  into  the  clear  fluid  as  far  as  necessary. 
The  clear  fluid  is  then  drawn  off  through  this  tube,  which  is 
subsequently  raised  again.  The  flask  is  once  more  filled  with 
boiled  water,  and  the  fluid  again  drawn  off  through  the  tube  b ; 
the  remaining  contents  of  the  flask  are  rinsed  out  with  boiled 
water  and  placed  upon  a  filter,  where  they  are  subsequently 
washed  with  boiled  water,  avoiding  as  much  as  possible  the 
contact  of  air;  the  peroxide  of  iron  in  the  washed  precipitate 
is  then  finally  determined.  (Compare  §  124,  1,  P.)  The  whole 
of  the  dissolved  protoxide  of  iron  is  contained  in  the  liquid 
drawn  off,  and  in  the  fluid  filtered  off  from  the  precipitated 
peroxide.  This  solution  is  concentrated  by  evaporation,  the 
protoxide  is  peroxidized,  (§  84,)  and  the  peroxide  of  iron  formed, 
precipitated,  after  previously  removing  the  barytes,  (§  85).  Should 
the  analysed  compound  contain  a  constituent  insoluble  in  hydro- 
chloric acid,  this  is  regained  upon  the  subsequent  solution  in 
hydrochloric  acid  of  the  precipitate  containing  the  basic  persalt 
of  iron ;  its  weight  is  ascertained,  and  subtracted  from  the  total 
weight  of  the  analysed  substance. 

/3.  Indirect  analysis. 

This  may  be  achieved  in  various  ways ;  I  will,  however,  con- 
tent myself  with  giving  the  two  foUowing  methods,  which  will  be 
found  suj£cient  under  all  circumstances.  The  process  in  both 
commences  with  the  solution  of  the  substance  in  hydrochloric 
acid,  which  may  be  effected  either  as  directed  sub.  a.,  or  in  some 
other  appropriate  manner. 
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aa.  The  solution  is  effected  in  a  weighed  flask,  (which  we  will 
designate  a) ;  the  flask  is  then  weighed  with  its  contents,  and 
ahout  one-half  of  the  latter  poured  into  another  flask  (i),  filled 
previously  with  carbonic  acid,  and  provided  with  a  ground-glass 
stopper;  the  quantity  of  the  solution  poured  into  this  flask  is 
ascertained  from  the  loss  of  weight  of  a.  The  solution  in  h  is 
then  strongly  acidified  with  hydrochloric  acid,  the  fiask  filled 
nearly  to  the  brim  with  boiled  water,  a  weighed  slip  of  clean 
sheet  copper  §  87,  (16)  is  introduced  into  it,  the  flask  stop- 
pered, a  piece  of  bladder  tied  over  it,  and  the  mixture  digested 
in  boiling  water  until  the  fluid  grows  colorless,  or  acquires  a 
greenish  hue, — a  sign  that  the  perchloride  of  iron  is  completely 
converted  into  protochloride.  The  slip  of  sheet  copper  is  then 
taken  out  of  the  flask,  dried  and  weighed.  The  total  amount 
of  peroxide  of  iron  in  a  is  determined  after  previous  oxidation 
of  the  protoxide,  (§  84).  The  calculation  is  very  simple.  The 
quantity  of  peroxide  of  iron  obtained  in  the  last  process,  calcu- 
lated upon  the  total  amount  of  the  solution,  shows  the  total 
amount  of  iron  operated  upon.  The  diminution  in  the  weight  of 
the  copper  slip,  calculated  from  the  part  to  the  whole,  indicates 
the  amount  of  chlorine  consumed  to  convert  the  original  proto* 
chloride  of  iron  into  perchloride,  since  every  one  equivalent  of 
dissolved  copper  corresponds  to  one  equivalent  of  chlorine ;  every 
one  equivalent  of  chlorine  converting  two  equivalents  of  proto- 
chloride of  iron  into  perchloride,  (2  Fe  CH-Cl=s=Fe,  CU) ;  it 
follows  that  every  one  equivalent  of  dissolved  copper  corresponds 
to  two  equivalents  of  perchloride  of  iron  in  the  solution,  or  what 
amounts  to  the  same,  to  two  equivalents  of  peroxide  of  iron  pre- 
sent in  the  analysed  substance.  (Fuchs.)  This  method  is  not 
applicable  in  presence  of  arsenic  acid. 

hh.  The  solution  is  effected  in  a  flask,  solution  of  chloride  of 
gold  and  sodium  is  added  in  excess,  the  flask  stoppered,  and  the 
precipitated  metallic  gold  allowed  to  subside.  The  fluid  is  fil- 
tered off  from  the  precipitated  gold,  and  the  amount  of  the  latter 
determined  as  directed  §  98.     The  total  amount  of  iron  present 
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is  then  determined  in  the  filtrate,  or  in  a  fresh  portion  of  the 
original  solution.  The  calculation  is  very  simple ;  the  operator 
need  only  remember  that  one  equivalent  of  precipitated  gold  cor- 
responds to  six  equivalents  of  protochloride  or  protoxide  of  iron. 
(6  Fe  C1+ Au  Cls=8  Fe,  CI,  +  Au).  (H.  Rose). 
6.  Cobalt  from  nickel. 

Although  these  metals  may  be  separated  from  one  another  in 
yariousways,  yet  there  is  but  one  method  which  affords  truly 
accurate  results,  viz.  separation  with  cyanide  of  potassium.  We 
will,  however,  besides  this,  describe  Phillip's  method,  which  is 
very  convenient,  although  not  quite  accurate  in  its  results. 

a.  Separation  with  cyanide  ofpotasHunu — (LiEBio.) 

aa.  The  solution  is  strongly  acidified  with  hydrochloric  acid, 
and  cyanide  of  potassium  added,  until  the  precipitate  which  forms 
at  first  is  redissolved ;  a  firesh  amount  of  cyanide  of  potassium  is 
then  added,  and  the  solution  boiled  for  a  while,  adding  from  time 
to  time  one  or  two  drops  of  hydrochloric  acid,  but  not  sufficient 
to  render  the  reaction  acid. 

bb.  The  solution  is  then  mixed  with  hydrochloric  acid,  in  an 
obliquely-placed  flask,  and  boiled  until  the  odor  of  hydrocyanic  acid 
ceases  to  be  perceptible  upon  a  fresh  addition  of  hydrochloric  acid. 

cc.  Potass  ley  in  excess  is  now  added,  the  mixture  boiled  for 
the  space  of  ten  minutes,  and  the  fluid  filtered  off  from  the  pre- 
cipitated hydrated  protoxide  of  nickel,  (the  weight  of  which  is 
determined  as  directed  §  82).  The  filtrate  contains  the  whole  of 
the  cobalt  as  cobalticyanide  of  potassium. 

dd.  The  filtrate  is  evaporated  with  an  excess  of  nitric  acid,  and 
the  residue  fused  for  some  time,  and  subsequently  treated  with 
hot  water;  the  precipitated  peroxide  of  cobalt  is  filtered  off, 
washed,  dissolved  in  hydrochloric  acid^  and  its  weight  determined 
as  directed  §  88. 

To  understand  the  rationale  of  this  process,  it  is  necessary  to 
bear  in  mind  that  the  relative  proportion  which  the  protoxide  of 
cobalt  bears  to  that  of  nickel  may  be  threefold,  viz. 

1)  Co  :  Ni     =     2:8 

2)  Co  :  Ni     =     (2  +  x)  :  3 
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3)  Co  :  Ni    ^    2  :  (3  +  x) 
In  aa.  we  have  consequently  in  solution : 

in  case  1  (-8  (Ni  Cy,  K  Cy)  +  Co,  Cy«,  3  K*) 
in  case  2  (-8  (NiCy,  KOy)+x  (Co,  Cy*,  3K) 
in  case  3  (-3  (Ni  Cy,  K  Cy) + x  (Ni  Cy,  K  Cy). 
Cobaltdcyanide  of  nickel  and  cobalticyanide  of  potassium  are  not 
decomposed  by  hydrochloric  acid,  but  the  double  cyanide  of  nickel 
and  potassium  is  decomposed — the  cyanide  of  nickel  precipitates, 
whilst  its  solvent,  the  cyanide  of  potassium,  transposes  with  the 
hydrochloric  acid  into  hydrocyanic  acid  and  chloride  of  potas- 
sium.    Cyanide  of  nickel,  when  long  boiled  with  hydrochloric 
acid,  undergoes  finally  the  same  decomposition.    When  cyanide 
of  nickel,  cobalticyanide  of  potassium,  and  hydrochloric  acid,  act 
upon  one  another,  cobalticyanide  of  nickel,  chloride  of  potassium, 
and  hydrocyanic   acid  are  found.     (3  NiCy  +  Co,  Cy«,  3  K  +  3 
CI  H=Co,  Cy«,  3  Ni  +  3  K  CI  +  3  Cy  H.)— In  hi,  we  have  conse- 
quently, 

incase  1,  as  precipitate :  Co,  Cyj,'3Ni — 

in  solution  neither  mckel  nor  cobalt,  but  simply 
K  CI ;  Cy  H  has  escaped  as  gas. 
in  case  2,  as  precipitate  likewise :  Cot  Cy«,  3  Ni — 

in  solution  the  unaltered  x  (Co,  Cye,  3  K)  in  con- 
junction with  K  CI. 
in  case  3,  at  first  as  precipitate  :  Co,  Cy^,  3  Ni+x  Ni  Cy,  (in 
solution  neither  nickel  nor  cobalt ;) 
finally,  as  precipitate  Co,  Cy^,  3  Ni, — ^in  solution 
Ni  CI  in  conjunction  with  E  CI. 

*  That  is,  three  equivalents  of  double  cyanide  of  nickel  and  potassium, 
and  one  equivalent  of  cobalticyanide  of  potassium.  The  formation  of  co- 
balticyanide of  potassium  from  the  protocyanide  of  cobalt  which  is  predjtt- 
tated  at  the  commencement  of  the  process,  and  which  redissolves  at  first  as 
oyamde  of  cobalt  andpotassium,  may  be  illustrated  as  follows :  [2  (Co  Cy,  K  Cy) 

K  Cy+Cy  H]=(Co,  Cy«,  3  K+H).  It  is  evident  from  these  figures, 
that  the  presence  of  free  hydrocyanic  acid,  and  of  an  excess  of  cyanide  of 
potassium,  is  necessary  for  the  transformation  of  the  protocyanide  of  cobalt 
into  cobalticyanide  of  potassium,  and  that  hydrogen  gas  is  liberated  in  this 
process. 
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Cobalticyanide  of  nickel^  when  boiled  with  potass,  transposes  with 
the  latter  into  protoxide  of  nickel  and  cobalticyanide  of  potassium 
(Co,  Cy«,  3Ni+8KO)=(Co,  Cy«,  8  K+8NiO).  Cobalticya- 
nide of  potassium  remains  unaltered  upon  boiling  with  potass. 
Chloride  of  nickel,  when  boiled  with  potass,  transposes  with  the 
latter  into  protoxide  of  nickel  and  chloride  of  potassium.  In  cc, 
we  have  therefore, 

incase  I,  CofCy^,  3K+ 8  Ni  O 

in  case  2,  Co,  Cy«,  3  K+x  (Co,  Cy,,  8  K  0)  +      8  Ni  O 
in  case  8,  Co,  Cy«,  8  K+     .     .     .      x  Ni  O      +8  Ni  O 
and  consequently,  in  all  three  cases,  cobalticyanide  of  potassium 
and  protoxide  of  nickeL 
/8.   'Phillips*  method. 

The  solution  is  mixed  with  sal  ammoniac,  and  ammonia  in 
excess  added.  The  clear  blue  solution  is  introduced  into  a  flask 
provided  with  a  stopper;  it  is  greatly  diluted  with  boiled  water, 
still  hot,  and  potass  added  until  the  formation  of  a  precipitate 
ceases,  and  the  blue  color  of  the  fluid  changes  to  a  brownish  red. 
The  flask  is  then  closed,  the  precipitate  allowed  to  subside,  and  the 
precipitated  protoxide  of  nickel  filtered  off;  the  cobalt  is  contained 
in  the  filtrate.  Complete  separation  is  not  to  be  achieved  by  this 
method ;  the  cobalt  contains  invariably  traces  of  nickel,  and  the 
precipitated  nickel  frequently  traces  of  cobalt. 
7.  Cobalt  from  zinc. 
cu  The  separation  of  cobalt  from  zinc  may  be  effeoted  in  the 
same  manner  as  that  of  cobalt  from  nickel — ^vide  6,  a.,  opetations 
oa.  and  hh, — ^According  to  the  relative  proportion  which  the  zinc 
bears  to  cobalt^  (compare  the  three  cases  in  6  a.,)  we  obtain  at 
first,  upon  the  addition  of  the  hydrochloric  acid,  eitlier  simply 
cobalticyanide  of  zinc,  (case  1,)  as  a  white  and  insoluble  precipi- 
tate, or  we  get,  besides  their  precipitate,  in  solution  cobalticyanide 
of  potassium,  (case  2,)  or  chloride  of  zinc,  (case  8).  However, 
upon  continued  boiling  in  hydrochloric  acid,  we  obtain  a  clear 
solution,  the  cobalticyanide  of  zinc  dissolving  gradually  in  the 
menstruum  present,  (without  decomposition,  we  may  assume). 
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Potass  ley  in  excess  is  now  added,  and  the  mixture  boiled  till 
a  clear  solution  results,  (it  may  be  assumed  that  the  whole  of  the 
cobalt  is  contained  in  this  solution,  as  cobalticyanide  of  potassium, 
and  the  whole  of  the  zinc  as  a  compound  of  oxide  of  zinc  with 
potass).  The  zinc  is  precipitated  from  this  solution  by  means  of 
sulphuretted  hydrogen.  The  cobalt  in  the  filtrate  is  determined 
as  directed  6  a.,  dd.  This  process  is  simple,  and  the  separation 
complete. 

P,  This  separation  may  likewise  be  effected  in  the  same  manner 
as  that  of  zinc  from  iron — ^vide  3,  (by  precipitating  the  zinc  with 
sulphuretted  hydrogen,  from  acid  solution  in  acetic  acid). 

y.  Berzelius  (Jahresbericht  21,  144)  recommends  the  follow- 
ing method  for  the  absolute  separation  of  cobalt  from  zinc  : 

The  solution  is  precipitated  with  potass  ley  in  excess,  and  boiled ; 
the  precipitated  hydrate  of  protoxide  of  cobalt  is  filtered  off,  and 
carefully  washed  with  boiling  water.  The  zinc  in  the  filtrate  is 
determined  as  directed  §  80.  The  washed  precipitate  is  dried, 
ignited,  weighed^  reduced  to  powder  in  an  agate  mortar,  and 
mixed^  in  a  porcelain  crucible,  with  pure  sugar  in  powder^  (the 
sugar  intended  for  this  purpose  is  purified  best  by  reorystallization 
from  alcoholic  solution).  The  mixed  mass  is  slowly  heated  until 
the  sugar  is  completely  carbonized ;  the  porcelain  crucible,  covered 
with  its  lid,  is  then  placed  into  a  bath  of  magnesia,  contained  in 
a  large-sized  crucible  of  clay,  and  the  latter  exposed,  for  the  space 
of  one  hour,  to  the  very  highest  degree  of  heat  attainable  by  a 
wind  furnace.  This  process  causes  the  reduction  of  the  metals^ 
the  whole  of  the  zinc  present  rises  in  vapor,  whilst  the  cobalt 
remains  mixed  with  charcoal.  This  residue  is  acted  upon  with 
nitric  acid^  the  solution  of  cobalt  obtained  evaporated  in  the  water 
bath,  the  residue  ignited,  and  the  peroxide  of  cobalt  produced  by 
this  method  finally  weighed.  By  subtracting  the  weight  of  the 
peroxide  of  cobalt  from  the  total  weight  of  the  original  precipi- 
tate, we  find  the  proportion  of  oxide  of  zinc  which  precipitated  in 
conjunction  with  the  peroxide  of  cobalt.  This  method  is  defec- 
tive, inasmuch  as  the  cobalt  is  weighed  as  peroxide.  (Compare 


^    124.]  COBALT  FROM  MANGANESE.  315 

§  64,  b.)  This  may  be  remedied,  however,  by  heating  a  portion 
of  the  mixed  oxides  precipitated  by  the  potass,  to  incipient  red- 
ness, in  a  stream  of  hydrogen  gas,  (§  83) ; — ^in  this  process  the 
protoxide  of  cobalt  alone  is  reduced,  not  the  oxide  of  zinc ; — 
another  portion  is  ignited  with  sugar,  as  directed  aboTe.  The 
peroxide  of  cobalt,  which  is  finally  produced,  is  to  be  weighed  as 
metal,  and  not  as  peroxide.  (§83.) 

&  UUgren  (Berzelius'  Jahresbericht,  21,  145)  recommends 
to  precipitate  the  solution  with  carbonate  of  soda,  in  the  manner 
described  §  80,  a.  The  precipitates  are  carefully  washed  with 
boiling  water,  dried,  ignited,  and  weighed  They  are  then  finely 
levigated,  and  a  weighed  portion  of  the  powder  is  introduced  into 
the  bulb  of  a  bulbous  tube ;  the  bulb  is  then  heated  to  incipient 
redness,  and  a  slow  and  continuous  stream  of  hydrogen  gas  trans- 
mitted through  the  tube.  When  the  formation  of  water  has  com- 
pletely ceased,  the  mass  is  allowed  to  cool,  the  transmission  of 
hydrogen  being  continued  all  the  while.  The  residuary  mass 
contains  the  whole  of  the  cobalt  as  metal,  and  the  whole  of  the 
zinc  as  oxide.  The  tube  is  then  closed  by  fusion  at  one  end, 
filled  with  a  concentrated  solution  of  carbonate  of  ammonia, 
corked  at  the  other  end,  and  exposed  for  the  space  of  twenty-four 
hours  to  a  gentle  heat,  not  exceeding  from  100  to  105  degrees. 
The  oxide  of  zinc  dissolves  completely  in  this  process;  the  cobalt 
remains  undissolved ;  this  is  repeatedly  washed  with  solution  of 
carbonate  of  ammonia,  dried  and  weighed.  The  proportion  of 
the  oxide  of  zinc  is  determined  by  careful  evaporation  of  the 
ammoniacal  solution,  and  ignition  of  the  residue. 
8.  Cobalt  from  manganese. 

a.  The  acid  solution  is  mixed  with  cyanide  of  potassium,  pre- 
cipitates of  protocyanide  of  cobalt  and  protocyanide  of  manganese 
are  formed ;  cyanide  of  potassium  is  then  added  in  excess,  which 
causes  the  re-solution  of  the  protocyanide  of  cobalt,  and  of  part 
of  the  protocyanide  of  manganese,  whilst  another  portion  of  the 
latter  remains  undissolved.  The  fluid  is  filtered  ofP,  and  the  re- 
maining precipitate  washed.     The  filtrate  is  heated  to  boiling, 
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adding  from  time  to  time  a  drop  of  hydrochloric  acid,  (yet  not 
sufficient  to  acidify  the  solution,)  and  the  manganese  and  cohalt 
which  it  contains  in  solution  are  separated  from  one  another  in 
the  same  manner  as  nickel  is  separated  from  cobalt.  The  first 
precipitate  of  protocyanide  of  manganese  is  dissolved  in  hydro- 
chloric acid,  and  the  solution  boiled  until  the  hydrocyanic  acid  is 
completely  expelled.  The  solution  is  then  precipitated  with  car- 
bonate of  soda,  and  the  weight  of  the  manganese  obtained  added 
to  that  of  the  manganese  produced  from  the  first  filtrate. 

p.  Both  metals  are  first  converted  into  oxides.  In  solution, 
free  from  ammoniacal  salts,  this  is  effected  simply  by  precipitation 
with  potass.  In  the  presence  of  a  considerable  proportion  of 
ammoniacal  salts  the  solution  is  more  advantageously  precipi- 
tated with  sulphuret  of  ammonium;  the  washed  metallic  sul- 
phurets  are  dissolved  in  aqua  regia^  and  the  solution  is  finally 
precipitated  with  potass.  The  mixed  peroxides  are  weighed, 
and  the  whole,  or  a  weighed  portion,  is  introduced  into  the 
bulb  of  a  bulbous  tube;  heat  is  appUed  to  the  bulb,  and  a 
continuous  stream  of  hydrochloric  acid  gas  transmitted  through 
the  tube  until  the  oxides  are  completely  converted  into  chlorides. 
The  attainment  of  the  desired  end  (which  requires  a  long  time) 
is  indicated  by  the  cessation  of  the  formation  of  water.  A  strong 
heat  is  then  applied  to  the  bulb,  and  dry  hydrogen  gas  transmitted 
over,  the  chloride  until  only  very  faint  vapours  are  perceptible  upon 
approaching  a  glass  rod  moistened  with  ammonia  to  the  mouth  of 
the  tube.  The  protochloride  of  cobalt  is  reduced  to  metal,  in  this 
process,  whilst  the  protochloride  of  manganese  remains  unaltered. 
The  contents  of  the  tube  are  allowed  to  cool,  the  transmission  of 
hydrogen  being  continued  all  the  while,  and  the  tube  is  finally 
placed  into  a  cylinder  filled  with  water.  The  greater  part  of  the 
protochloride  of  manganese  is  dissolved,  a  smaller  portion  of  it 
floats  about  in  the  fluid  in  the  shape  of  brown  flakes,  and  tlie 
cobalt  subsides  quickly.  The  fluid  with  the  suspended  brown 
flakes  is  decanted  from  off  the  cobalt,  and  the  latter  washed  upon 
a  weighed  filter,  first  with  some  highly  dilute  hydrochloric  aoid> 
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and  finally  with  water,  dried  and  weighed.  The  decanted  fluid  to 
which  the  rinsing  water  of  the  cohalt  is  added  is  concentrated  by 
evaporation,  adding  at  the  same  time  some  hydrochloric  acid  to  it, 
and  the  manganese  finally  precipitated  with  carbonate  of  soda, 
§  8J.    The  results  are  very  accurate.  (H.  Bose.) 

9.  Nickel  rsoM  manganese. 

The  separation  is  effected  in  the  same  manner  as  that  of  cobalt 
firom  manganese,  method  P. 

10.  Nickel  from  zinc. 

Like  cobalt  from  zinc,  methods  p,  y.  and  8. 
IJ.  Manganese  from  zinc. 

like  cobalt  from  zinc,  method  p. 

12.  Separation  of  the  whole   of  the   oxides  of 
the  fourth  group  from  one  another. 

The  iron  is  separated  from  the  other  metals  as  directed  at  1,  a. 
The  filtrate  is  precipitated  with  ammonia  and  snlphuret  of  ammo- 
nium, and  the  precipitated  sulphurets  of  cobalt,  nickel,  manganese, 
and  zinc  are  dissolved  in  aqua  regia,  (the  filter  npon  which  the 
precipitated  sulphurets  were  collected  is  to  be  incinerated  and  the 
ashes  added  to  the  precipitate,  vide  §  82,  h.)  The  metals  are 
then  separated  firom  one  another  by  means  of  cyanide  of  potassium 
in  the  following  manner :  The  process  is  first  conducted  exactly 
like  that  adapted  for  the  separation  of  manganese  from  cobalt. 
This  process  yields  a  precipitate  of  part  of  the  manganese  as  pro- 
tocyanide  of  manganese,  whilst  another  part  of  this  metal  remains 
in  solution  in  conjunction  with  the  whole  of  the  cobalt,  nickel  and 
zinc.  This  solution  is  filtered  o£f  from  the  precipitated  protoeyanide 
of  manganese,  and  boiled  with  hydrochloric  acid  in  excess  until 
the  smell  of  hydrocyanic  acid  is  no  longer  perceptible.  Potass 
ley  is  then  added  in  excess,  and  the  mixture  boiled  until  the  am- 
monia (formed  in  consequence  of  the  decomposition  of  the  cyanate 
of  potass  contained  in  liebig's  cyanide  of  potassium)  is  completely 
expelled.  The  precipitate  which  forms  consists  of  a  mixture  of 
the  protoxides  of  manganese  and  nickel,  and  contains  moreover 
some  oxide  of  zinc ;  the  greater  portion  of  the  zinc  is  in  solution 
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as  oxide  of  zinc  and  potassium,  and  in  conjunction  with  the  whole 
of  the  cobalt  in  the  form  or  cobalticyanide  of  potassium.  The 
zinc  is  precipitated  from  this  solution  by  means  of  sulphuretted 
hydrogen^  and  the  cobalt  in  the  filtrate  determined  as  directed  6, 
a,  dd.  The  precipitate  of  the  protoxide  of  manganese  and 
nickel,  mixed  with  oxide  of  zinc,  is  dissolved  in  acetic  acid,  the 
zinc  precipitated  by  means  of  sulphuretted  hydrogen,  and  the 
fluid  filtered  off  from  the  precipitated  sulphuret  of  zinc  which  is 
added  to  the  first  precipitate  of  sulphuret  of  zinc.  The  nickel  and 
manganese  in  the  filtrate  are  separated  as  directed  9.  The  weight 
of  the  manganese  obtained  is  added  to  that  of  the  manganese  pro- 
duced from  the  undissolved  portion  of  the  protocyanide  of  that 
metal.    The  results  are  perfectly  accurate. 


APPENDIX. 
§  126. 

METHOD   OF  DETERMINING   THE   PROPORTIONAL   AMOUNT   OF 
PEROXIDE    CONTAINED    IN   MANGANESE   ORES. 

The  natural  manganese  ores  are  compounds  or  mixtures  of 
peroxide  of  manganese  with  the  lower  oxides  of  this  metal, 
and  moreover  peroxide  of  iron,  alumina,  sulphate  of  barytes,  &c., 
&c.  It  is  a  matter  of  the  greatest  importance  for  merchants  and 
manufacturers  to  know  the  exact  proportion  of  peroxide  of  man- 
ganese present  in  any  of  the  manganese  ores,  since  the  commer- 
cial value  of  these  ores  depends  entirely  upon  the  relative  amount 
of  peroxide  which  they  contain.  The  following  method  of  deter- 
mining this  amount,  is  the  most  simple  in  its  execution,  and  at 
the  same  time  the  most  accurate  in  its  results. 
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The  following  remarks  will  show  and  explain  the  principle 
upon  which  it  is  based. 

a.  When  oxalic  acid  or  an  oxalate  is  brought  into  contact  with 
peroxide  of  manganese,  in  presence  of  sulphuric  acid  in  excess, 
protosulpbate  of  manganese  is  formed,  and  carbonic  acid  evolved, 
owing  to  the  oxygen  which  we  may  assume  to  exist  in  the  perox- 
ide of  manganese  in  combination  with  the  protoxide  of  the  metal, 
combining  with  the  oxalic  acid,  and  consequently  converting  this 
acid  into  carbonic  acid. 

Mn  O.  +  SOa  +  C,  03=Mn  0,  SO, +  2  (CO,) 

For  every  equivalent  of  available  oxygen  or,  what  amounts  to 
the  same,  for  every  equivalent  of  peroxide  of  manganese  present, 
we  obtain  consequently  two  equivalents  of  carbonic  acid. 

h.  If  this  process  is  performed  in  a  weighed  apparatus,  from 
which  nothing  except  the  evolved  carbonic  acid  can  escape,  and 
which,  at  the  same  time,  permits  the  complete  expulsion  of  this 
acid,  the  diminution  in  the  weight  of  the  apparatus  will  at  once 
indicate  the  amount  of  carbonic  acid  which  has  escaped,  and  conse- 
quently, by  a  very  simple  calculation,  the  proportion  of  peroxide 
present  in  the  analysed  manganese  ore. 

c.  This  calculation  may,  however,  be  altogether  avoided ;  for 
this  purpose  it  is  necessary  simply  to  use  a  certain  definite  propor- 
tion of  the  manganese  ore  to  be  examined,  which,  if  the  ore  con- 
sisted of  pure  peroxide  of  manganese,  would  yield  one  hundred 
parts  of  carbonic  acid.  This  proportion  is  found  by  the  following 
equation : — 

3  eq.  of  CO,  1  eq.  of  Mn  0, 

650.00  :  644.44      :  :      100  :  x==98.989 

The  figure  expressive  of  the  amount  of  carbonic  acid  evolved 
indicates  directly  the  proportional  amount  of  peroxide  contained 
in  the  analysed  manganese  ore :  thus,  if  we  make  our  experiment 
upon  0.98989  gramme  of  manganese,  the  number  of  centigrammes 
of  the  carbonic  acid  evolved  in  the  process,  expresses  directly 
the  percentage  amount  of  peroxide  contained  in  the  analysed  man- 
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ganese  ore.  The  amount  of  carbonic  acid  evolved  firom  so  small  a 
weight  as  0.98989  grammes  of  manganese,  would  be  too  small 
for  accurate  weighing  ;  it  is  advisable  therefore  to  take  a  multiple 
of  this  weight,  say  the  triple  =  2.96967,  or,  for  shortness  sake, 
2.97  grammes,  and  to  divide  by  three  the  number  of  centigrammes 
of  carbonic  acid  evolved  firom  this  multiple  weight. 

The  analytical  process  is  performed  in  the  apparatus  illustrated 
by  plate  XLI.  (Compare  §  105.) 

PLATE  XLI. 

The  flask  a  should  have  a 
capacity  of  about  two  and  a 
half  ounces;  B  should  hold 
two  ounces.  The  latter  is 
filled  to  one  half  with  sulphuric 
acid ;  the  tube  a  is  closed  at  h 
with  a  small  wax  stopper. 

The  manganese  ore  to  be  ex- 
amined is  very  finely  levigated, 
(best  in  an  agate  mortar,)  and 
2.97  grammes  of  the  powder  are 
introduced  into  A ;  2.5  grammes  or  more  of  neutral  oxalate  of 
potass*  in  powder,  or  about  2  grammes  of  neutral  oxalate  of  soda, 
are  then  added,  and  as  much  water  as  will  fill  the  flask  to 
about  one- third.  The  flask  a  is  then  corked,  and  the  apparatus 
accurately  equipoised  upon  the  balance.  Some  sulphuric  acid 
is  made  to  flow  from  b  into  a,  by  applying  suction  to  the  tube  d. 
The  evolution  of  carbonic  acid  commences  immediately  in  a 
steady  and  uniform  manner.f)     When  the  evolution  begins  to 


*  This  may  be  readily  produced  by  saturating  the  common  oxalate  of 
potass  with  carbonate  of  potass,  and  evaporating  to  crystallization. 

t  If  the  carbonic  acid  be  disengaged  slowly,  the  contents  of  ▲  will  acquire 
an  intensely  red  tint;  this  is  not  owing,  as  might  be  supposed,  to  the 
formation  of  hypermanganic  acid,  but  to  that  of  sulphate  of  sesquioxide  of 


§    Id.').]  EXAACINATION   OF   MANGANESE   ORES.  S21 

flag,  a  fresh  portion  of  sulphuric  acid  is  sucked  over  into  a,  and 
the  same  process  is  repeated  until  the  manganese  ore  is  com- 
pletely decomposed.  This  requires  at  the  utmost  about  ten 
minutes  if  the  ore  is  very  finely  levigated.  The  complete  de- 
composition  of  the  analysed  ore  is  indicated,  on  the  one  hand, 
by  the  cessation  of  the  disengagement  of  carbonic  acid,  and  its 
non-renewal,  upon  the  influx  of  a  fresh  portion  of  sulphuric  acid 
into  A ;  aud,  on  the  other  hand,  by  the  total  disappearance  of 
every  trace  of  black  powder  from  the  bottom  of  a.*) 

A  more  considerable  portion  of  sulphuric  acid  than  usual  is 
finally  sucked  into  a,  so  as  to  heat  strongly  the  fluid  contained 
in  this  flask,  and  consequently  to  expel  the  last  traces  of  carbonic 
acid  from  it ;  the  little  wax  stopper  b  is  then  slightly  lifted,  and 
a  gentle  suction  applied  to  d  until  the  air  tast^  no  longer  of 
carbonic  acid.  The  apparatus  is  then  allowed  to  cool,  replaced 
upon  the  balance,  and  the  original  equilibrium  restored;  the 
number  of  centigramme  weights  required  to  effect  this  end,  divided 
by  three,  expresses  the  per  centage  of  peroxide  contained  in  the 
analysed  ore. 

Some  ores  of  manganese  contain  carbonates  of  the  alkaline 
earths  in  admixture.  To  analyse  ores  of  this  description,  the 
foregoing  process  is  to  be  modified  as  follows:  2.97  grammes 
of  the  ore  to  be  analysed  are  introduced  into  a,  and  drenched 
with  very  dilute  sulphuric  acid,  so  as  to  fill  the  fiask  to  about 
one-third ;  the  flask  is  then  allowed  to  stand  at  rest,  with  occa* 
sional  agitation,  until  aU  effervescence  has  completely  ceased ;  a 
gentle  heat  is  then  applied  to  expel  the  last  traces  of  carbonic 
acid  from  the  fluid.  About  8  grammes  of  powdered  oxalic  acid 
of  commerce  are  introduced  into  a  small  tube,  (compare  §  112, 

manganese,  since  the  peroxide  yields  at  first  only  one-fourth  of  its  oxygen 
to  the  oxalic  add.    2  Mn  0,+3  SO,+C,  0,=Mn,  0„  3  S0,-|-2  CO,. 

*  If  the  manganese  ore  has  been  pounded  or  levigated  in  an  iron  nK>rtar, 
few  black  spots  will  invariably  renudn  perceptible ;  these  consist  of  minute 
particles  of  iron  which  have  got  detached  from  the  mortar  during  the 
pounding  or  levigation  of  the  ore. 
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I.,  b.,)  and  the  latter  suspended  into  A  by  a  thread.  The  appa- 
ratus thus  prepared  is  equipoised  upon  the  balance,  and  the 
small  tube  with  the  oxalic  acid  subsequently  dropt  into  the  fluid ; 
the  evolution  of  carbonic  acid  commences  immediately.  The  pro- 
cess is  then  continued  and  concluded  as  usual.  (Vide  supra.) 
This  method  yields  exceedingly  accurate  results. 


FIFTH    GROUP. 

OXIDE  OF  SILVER — PROTOXIDE  OP  MERCURY — PEROXIDE  OF  MER- 
CURY---OXIDE  OF  LEAD— OXIDE  OF  BISMUTH— OXIDE  OF  COPPER 
— OXIDE   OF   CADMIUM. 

I.  Separation   of  the  oxides   of  the   fifth   group  prom 

THOSE   OF  THE   PRECEDING   FOUR  GROUPS. 
§   126. 

a.  Separation  of  the  whole  of  the  oxides  of  the  fifth  group 
from  those  of  the  preceding  four  groups. 

The  oxides  of  the  fifth  group  are  precipitated  from  acid  solu- 
tion by  means  of  sulphuretted  hydrogen,  whilst  those  of  the  first 
four  groups  are  not  precipitated  by  this  reagent.  The  separation 
of  the  oxides  of  this  group  from  those  of  the  four  preceding 
groups  is  based  upon  this  different  deportment  with  sulphuretted 
hydrogen. 

The  following  points  are  to  be  especially  attended  to  in  the 
process  of  separation. 

a.  To  effect  the  complete  separation  of  the  oxides  of  the  fifth 
group  from  those  of  the  first,  second,  and  third  groups,  by  means 
of  sulphuretted  hydrogen,  it  is  necessary  simply  that  the  reaction 
of  the  solution  be  acid,  no  matter  whether  owing  to  the  presence 
of  free  nitric  acid  or  to  that  of  any  other  acid.    But  to  achieve 
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the  separation  of  the  oxides  of  the  fifth  from  those  of  the  fourth 
group,  it  is  necessary  that  a  free  mineral  acid  be  present  in  the 
solution,  otherwise  zinc,  and,  under  certain  circumstances,  cobalt 
and  nickel  may  be  precipitated  in  conjunction  with  the  oxides  of 
the  fifth  group. 

p.  Hydrochloric  acid  is  preferred  to  nitric  acid  for  the  acidifi- 
cation of  the  solution ;  in  all  cases,  however,  where  the  use  of 
hydrochloric  acid  would  create  a  precipitate  in  the  solution,  nitric 
acid  is  substituted  instead,  and  the  solution  is  considerably  di- 
luted. 

y.  To  achieve  the  complete  precipitation  of  the  sulphurets  cor- 
responding to  the  oxides  of  the  fifth  group,  it  is  absolutely  neces- 
sary that  the  solution  be  diluted  to  a  certain  degree,  even  though 
no  other  except  hydrochloric  acid  be  present 

h.  Separation  of  individual  oxides  belonging  to  the  fifth 
group  from  those  of  the  first  four  groups, 

1.  Silver  is  most  simply  and  completely  separated  from  the 
oxides  of  the  four  first  groups,  by  means  of  hydrochloric  acid. 
The  solution  should  be  sufficiently  diluted,  and  the  acid  should 
not  be  added  too  greatly  in  excess.  The  separation  of  the 
chloride  of  silver  is  to  be  promoted  by  the  addition  of  nitric  acid ; 
the  precipitate  is  to  be  collected  upon  a  filter  (§  86,  1,  a.,  /8.) 

2.  The  separation  of  mercdrt  from  the  metals  which  we  have 
treated  of  in  the  preceding  paragraphs,  may  also  be  efiected  by 
ignition,  since  this  will  cause  the  mercury  or  mercurial  com- 
pounds to  volatUize,  whilst  the  non-volatile  substance  will  remain 
behind.  This  method  is  applicable  to  alloys  as  well  as  to  oxides, 
chlorides,  and  sulphurets.  Whether  the  one  or  the  other  of  these 
forms  is  the  most  appropriate  depends  upon  the  nature  of  the 
metals  from  which  the  mercury  is  to  be  separated.  The  propor- 
tion of  the  mercury  is  determined  in  this  method,  either  from 
the  loss  of  weight  which  the  ignited  substance  suffers — ^in  which 
case  the  operation  is  conducted  in  a  crucible--or  the  subliming 
mercury  is  collected  and  weighed  in  the  manner  described  §  89. 
The  best  way  of  conducting  the  process  of  sublimation  will  be 
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found  described  §  127^  I,  y,  (separation  of  silver  from  mer- 
cury). 

8.  From  those  oxides,  of  which  the  corresponding  chlorides  are 
soluble  in  alcohol,  lead  may  be  separated  also  by  converting  the 
mixed  oxides  into  chlorides,  and  treating  the  mass  with  strong 
alcohol  when  the  chloride  of  lead,  being  insoluble  in  alcohol,  will 
remain  behind.  This  method,  besides  yielding  no  absolutely 
accurate  results,  is,  moreover,  applicable  only  if  the  compounds 
to  be  analysed  admit  of  ready  transformation  into  chlorides.  The 
method  of  precipitating  lead  by  means  of  sulphuric  acid,  and  thus 
separating  it  from  the  other  oxides,  yields  likewise  no  absolutely 
accurate  results,  since  sulphate  of  lead  is  not  altogether  insoluble 
in  water.     (Compare  §  87.) 

11.  Separation  of  the  oxides  of  the  fifth  group  from  one 

ANOTHER. 

§  127. 

1.  Silver  from  mercury. 

Silver  may  be  separated  from  mercary  either  by  means  of 
hydrochloric  acid, — chloride  of  silver  being  insoluble  whilst  per- 
chloride  of  mercury  is  soluble, — or  by  means  of  cyanide  of  potas- 
sium. Cyanide  of  silver  being  insoluble  whilst  cyanide  of  mer- 
cury is  soluble,  or,  finally,  by  heat,  silver  and  chloride  of  silver 
being  non-volatile,  whilst  mercury  and  perchloride  of  mercury  are 
volatile. 

The  application  of  the  two  first  methods  requires  that  the  mer- 
cury be  present  in  the  form  of  peroxide ;  should  it  therefore  exist, 
in  the  solution  to  be  analysed,  in  the  form  of  protoxide,  this 
must  first  be  peroxidized  by  heating  with  nitric  acid.  The  first 
method  is  generally  prefi^rable  to  the  two  latter,  which  can  be  ad- 
vantageously applied  only  under  particular  circumstances. 

a.  Separation  by  means  of  hydrochloric  acid. 

Some  nitric  acid  is  added  to  the  dilute  solution,  and  subse- 
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qnendy  hydrochloric  acid  until  the  formation  of  a  precipitate 
ceases;  the  operator  should  avoid  adding  the  acid  greatly  in 
excess.  All  the  silver  is  precipitated  in  this  manner,  whilst  all 
the  mercury  remains  in  solation.  The  precipitated  chloride  of 
silver  is  separated  from  the  fluid  by  filtration,  and  the  subsequent 
operations  are  conducted  as  directed  §  86  and  §  89. 

p.  Separation  by  means  of  cyanide  of  potassium. 

Cyanide  of  potassium  is  added  to  the  solution  until  the  precipi- 
tate which  is  formed  at  first  is  completely  redissolved.  If  the  solu- 
tion contains  much  firee  acid,  this  must  first  be  nearly  neutralized 
with  potass  before  the  cyanide  of  potassium  is  added.)  The  solu- 
tion contains  now  a  double  cyanide  of  silver  and  potassium,  and  a 
double  cyanide  of  mercury  and  potassium*  Nitric  acid  is  then 
added  in  excess ;  this  causes  the  decomposition  of  both  double 
cyanides,  and  transformation  of  the  whole  of  the  cyanide  of  potas- 
sium present  into  nitrate  of  potass;  the  insoluble  cyanide  of 
silver  separates,  and  is  treated  as  directed  %  8Q;  the  soluble 
cyanide  of  mercury  remains  in  the  filtrate,  from  which  the  mer- 
cury is  finally  precipitated  with  sulphuretted  hydrogen,  (§  89). 

y.  Separation  by  heat. 

This  is  best  effected  by  means  of  the  apparatus  illustrated  by 

PLATE  XLn. 
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The  solation  of  the  two  metals  is  precipitated  with  salphuretted 
hydrogen^  the  precipitated  solphnrets  are  collected  upon  a  tared 
filter,  dried  at  212°,  and  weighed;  a  portion  of  the  dry  precipi- 
tate is  then  weighed  off,  and  introduced  into  the  bulh  d\  which 
is  then  heated,  gently  at  first,  but  increasing  gradually  to  feeble 
redness^  transmitting  all  the  while  a  slow  stream  of  chlorine  gas 
through  it.  Chloride  of  sulphur  distils  over  at  first ;  this  decom- 
poses with  the  water  in  e,  (vide  §  111,  II.,  I,  c.;)  the  perchloride 
of  mercury  formed  sublimes  subsequently,  and  condenses  partly 
in  the  flask  e,  and  partly  in  the  posterior  part  of  the  tube  d\ 
This  part  of  the  tube  is  then  cut  off,  and  the  sublimate  which  it 
contains  rinsed  into  the  flask  e ;  the  water  in  ^  is  finally  likewise 
added  to  the  contents  of  e.  The  contents  of  e  are  then  heated 
until  all  smell  of  chlorine  ceases  to  be  perceptible ;  the  mercury 
in  e  is  then  finally  determined,  as  directed  §  89.  Should  there 
remain  some  undissolved  sulphur  in  e,  the  fluid  part  of  the 
contents  of  this  flask  must  be  filtered  off  from  this  before  the 
operator  proceeds  to  determine  the  proportion  of  mercury  present. 
The  proportion  of  chloride  of  silver  in  the  bulb  of  rf'  is  deter- 
mined by  weighing  the  tube  with  its  contents,  reducing  the  fused 
chloride  of  silver  which  adheres  firmly  to  the  interior  of  the  bulb 
by  means  of  zinc,  (§  80,)  and  finally  re- weighing  the  tube  after 
having  thus  perfectly  cleansed  it. 
2.  Silver  from  lead. 

a.  Separation  by  means  of  hydrochloric  acid. 

The  solution  containing  the  silver  and  lead  is  first  mixed 
with  nitric  acid ;  hydrochloric  acid  is  diluted  with  water  until  it 
ceases  to  produce  a  precipitate  in  a  solution  of  lead ;  this  dilute 
acid  is  then  added  to  the  solution  as  long  as  a  precipitate  is 
formed ;  the  precipitated  chloride  of  silver  is  filtered  off  as  di- 
rected §  86,  and  the.  lead  in  the  filtrate  precipitated  with  sulphu- 
retted hydrogen.  (§  87.) 

This  method  yields  very  accurate  results. 

p.  Separation  by  means  of  cyanide  of  potassium. 

The  solution  is  first  diluted  to  a  certain  extent,  and  mixed  with 
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carbonate  of  soda  slightly  in  excess;  cyanide  of  potassium  is 
subsequently  added,  and  heat  applied.  The  carbonate  of  lead 
vfidch  forms  upon  the  addition  of  the  carbonate  of  soda  remains 
undissolved,  whilst  the  silver  is  obtained  in  solution  in  the  form 
of  double  cyanide  of  silver  and  potassium.  The  fluid  is  filtered  ofiT 
from  the  carbonate  of  lead ;  the  filtrate  is  precipitated  with  nitric 
acid,  and  the  cyanide  of  silver  produced  treated  as  directed  $  86. 
The  carbonate  of  lead  which  contains  traces  of  alkali  is  dissolved 
in  dilute  nitric  acid>  and  its  proportion  determined  as  directed 
§  87.  This  method  yields  pretty  accurate  results,  although  a 
trifling  loss  of  carbonate  of  lead  occurs  generally,  since  this  sub- 
stance is  not  absolutely  insoluble  in  water,  (§57).  The  operator 
must  take  care  to  dilute  the  solution  properly,  and  to  add  the 
carbonate  of  soda  only  slightly  in  excess,  or  otherwise  a  percep- 
tible amount  of  lead  may  dissolve  in  the  menstruum.  Cyanide  of 
potassium  containing  the  slightest  trace  of  sulphuret  of  potassium 
is  wholly  unfit  for  use  in  this  process. 

3.  Silver  from  bismuth. 

a.  Separation  by  means  of  hydrochloric  acid. 

The  same  method  as  described  §  127,  1,  a.,  (separation  of  silver 
from  mercury).  • 

p.  Separation  by  means  of  cyanide  of  potassium. 

The  same  method  as  described  §  127, 2,  /?.,  (separation  of  silver 
from  lead). 

4.  Silver  from  copper. 

o.  Separation  by  means  of  hydrochloric  acid. 
Vide  §  127,  1,  eu,  (separation  of  silver  from  mercury.) 
p.  Separation  by  means  of  cyanide  of  potassium. 
The  solution,  if  necessary,  is  first  neutraUzed  with  potass; 
cyanide  of  potassium  is  subsequently  added  until  the  precipitate 
which  forms  at  first,  upon  the  addition  of  this  reagent,  is  com- 
pletely redissolved ;  the  silver  is  then  either 

aa.  Precipitated  from  this  solution  with  sulphuretted  hydrogen; 
the  excess  of  sulphuretted  hydrogen  is  expelled  by  heat,  and  a 
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fresh  portion  of  cyanide  of  potassium  added ;  by  this  means  the 
copper  is  completely  retained  in  solution.     Or, 

bb.  The  solution  is  mixed  with  nitric  acid  in  excess;  the 
cyanide  of  silver  separates  completely,  (§  86,)  whilst  the  cyanide 
of  copper  redissolves  in  the  excess  of  nitric  acid.  The  solu- 
tion is  in  either  case  filtered  off  from  the  precipitate,  and  evapo- 
rated with  sulphuric  acid  (in  case  aa.,  with  addition  of  nitric 
acid)  until  all  smell  of  hydrocyanic  acid  disappears ;  the  solution 
of  sulphate  of  copper,  which  is  thus  produced,  is  precipitated  with 
potass.  (§  90.) 

This  method  yields  very  accurate  results. 

5.  Silver  from  cadmium. 

like  silver  firom  copper,  methods  a.  and  p,,  bb. 

6.  Mercury  from  all  those  metals  of  which  the 

chlorides  are  non-volatile. 

Like  mercury  from  silver,  §  127,  1,  y.  The  operator  must 
bear  in  miud 

o.  that  a  gentle  heat  only  should  he  applied  in  presence  of 
lead,  or  part  of  the  chloride  of  lead  formed  will  volatilize ;  and  /?., 
that  the  chloride  of  copper  formed  cannot  he  weighed  directiy, 
since  it  remains  partly  as  chloride  and  pardy  as  suhchloride. 

The  method  described  §  126,  ft.,  2,  may  also  frequently  be 
resorted  to. 

7.  Peroxide  of  mercury  from  oxide  of  lead. 
a.  Separation  by  means  of  cyanide  of  potassium. 

Vide  §  127,  2,  /5.  (Separation  of  silver  from  lead.)  The  mer- 
cury is  precipitated  from  the  filtrate  as  sulphuret  of  mercury. 
(§  89.)    The  results  are  accurate. 

/?.  Separation  by  converting  the  oxides  of  lead  and  mercury 
into  chlorides^  and  treating  the  latter  with  alcohol. 

Both  the  peroxide  of  mercury  and  oxide  of  lead  are  converted 
into  dry  chlorides  in  the  proper  way ;  the  chlorides  formed  are 
digested  with  strong  alcohol,  mixed  with  ether,  and  the  solution, 
which  contains  the  whole  of  the  perchloride  of  mercury,  is  filtered 
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off  from  the  undissolved  chloride  of  lead ;  the  latter  is  then 
determined  as  directed  §  87.  The  filtrate  is  dilated  with  water^ 
the  ether  and  alcohol  evaporated  at  a  very  gentle  heat,  and  the 
mercury  finally  determined  as  directed  §  89. 

y.  Separation  hy  means  of  sulphuric  acid. 

The  somewhat  concentrated  solution  is  mixed  with  dilate  sul- 
phuric acid  in  excess,  allowed  to  stand  at  rest  for  the  space  of 
twelve  hoars,  filtered,  and  the  precipitate  completely  washed 
with  water  mixed  with  sulphuric  acid;  this  is  finally  replaced 
by  alcohol,  and  the  washed  precipitate  is  then  dried  and  weighed. 
(§  87.)  The  mercury  in  the  filtrate  is  determined  as  directed 
§  89.  With  regard  to  the  degree  of  accuracy  of  the  results,  we 
refer  to  §  87,  2,  a. 

8.  Peroxide  of  mercury  from  oxide  of  bismuth. 
The  separation  is  effected  by  means  of  cyanide  of  potassium, 

like  that  of  mercury  from  lead,  §  127,  7,  a.  The  results  are 
accurate. 

9.  Peroxide  of  mercury  from  oxide  of  copper. 
o.  Separation  hy  means  of  cyanide  of  potassium. 

Like  that  of  silver  from  copper,  §  127,  4,  i^.,  method  aa, 

p.  Separation  by  means  offormiate  of  soda. 

The  solution  is  mixed  with  hydrochloric  acid,  (should  it  not 
already  contain  this  acid,)  nearly  saturated  with  potass,  and  the 
mercury  precipitated  with  formiate  of  soda.  (§  89,  2.)  The 
copper  in  the  fluid,  filtered  off  from  the  protochloride  of  mercury, 
is  determined  as  directed  §  90. 

10.  Peroxide  of  mercury  from  oxide  of  cadmium. 
like  peroxide  of  mercury  from  oxide  of  copper,  §  127,  9,  P. 

Jl.  Protoxide  of  mercury  from  the  oxides   of 

LEAD,  copper,  BISMUTH,  AND  CADMIUM. 

a.  The  protoxide  of  mercury  is  peroxidized,  (§  88,)  and  the 
farther  operations  conducted  as  directed  §  127,  7,  8,  9,  and  10. 

h.  Hydrochloric  acid  is  added  to  the  dilute  solution  as  long  as 
a  precipitate  is  formed.  The  mercury  in  the  precipitate  is  deter- 
mined as  directed  §  89,  2.    The  other  metals  are  contained  in  the 
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filtrate.  If  lead  is  present,  the  separation  is  to  be  efiPeoted  as 
directed  §  127,  2,  a.  If  the  compounds  are  insoluble  in  water^ 
they  are  to  be  dissolved  in  cold  and  very  dilute  nitric  acid. 

12.  Protoxide  of  mercury  from  peroxide  of  mer- 
cury. 

a.  In  Solution, 

The  solution  is  strong ly  diluted,  and  hydrochloric  acid  added 
as  long  as  a  precipitate  is  formed,  (protochloride  of  mercury). 
The  precipitate  is  allowed  to  subside,  collected  upon  a  tared  filter, 
dried  at  212^  and  weighed.  The  peroxide  of  mercury  in  the 
filtrate  is  determined  as  directed  §  89. 

p.  As  an  insoluble  compound. 

The  insoluble  compound  containing  the  protoxide  and  peroxide 
of  mercury,  is  acted  upon  with  highly  dilute  nitric  acid,  at  a  low 
temperature,  until  it  is  completely  dissolved,  and  the  further 
operation  is  then  conducted  as  directed  sub.  a. 

The  results  are  accurate :  there  is,  however,  invariably  rather  a 
tendency  to  a  surplus  of  peroxide  and  loss  of  protoxide  than  the 
reverse. 

13.  Oxide  of  lead  from  oxide  of  bismuth. 
a.  Separation  by  means  of  sulphuric  acid. 

The  solution  is  mixed  with  pure  sulphuric  acid  in  excess,  eva- 
porated until  the  sulphuric  acid  begins  to  volatilize,  allowed  to 
cool,  water  added,  and  the  solution  of  sulphate  of  bismuth  filtered 
off  without  delay  from  the  undissolved  sulphate  of  lead.  The 
lead  is  determined  as  directed  §  87,  2,  a.^  the  bismuth  according 
to  §  91,  1,  ^.  Concerning  the  degree  of  accuracy  of  the  results, 
we  refer  to  §  87,  2,  a, 

p.  Separation  by  heat. 

Vide  §  127,  1,  y.  (Separation  of  silver  from  mercury.)  This 
method  is  particularly  convenient  for  the  analysis  of  alloys  of  the 
two  metals.  The  heat  must  not  be  carried  to  a  very  high  degree, 
since  this  would  give  rise  to  the  volatilization  of  the  chloride  of 
lead;  but  its  application  should  be  protracted  sufficiently  long, 
since  otherwise  bismuth  may  remain  in  the  residue.     The  propor- 
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tion  of  the  bismuth  is  either  determined  from  the  loss  of  weight 
which  the  analysed  substance  suffers^  or  the  volatilized  chloride 
of  bismuth  is  conducted  into  water  impregnated  with  hydrochloric 
acid,  and  subsequently  determined  according  to  §  91. 

y.  Separation  by  means  of  metallic  leatL 

The  solution  is  precipitated  with  carbonate  of  ammonia;  the 
precipitated  carbonates  are  washed,  and  subsequently  dissolved  in 
acetic  acid.  The  solution  is  introduced  into  a  flask  provided  with 
a  ground  stopper,  a  weighed  rod  of  pure  lead  is  placed  upright 
into  the  solution,  and  the  flask  nearly  filled  with  water,  so 
that  the  upper  end  of  the  lead  does  not  project  beyond  the 
surface  of  the  fluid;  the  flask  is  then  closed,  and  allowed  to 
stand  at  rest  for  the  space  of  twelve  hours,  with  occasional  agita- 
tion. The  bismuth  which  precipitates  upon  the  metallic  lead,  is 
rinsed  off  £rom  the  rod,  and  collected  upon  the  filter ;  it  is  then 
washed,  and  dissolved  in  nitric  acid ;  the  solution  is  evaporated, 
and  the  bismuth  determined  as  directed  §  01.  The  lead  in  the 
filtrate  is  determined  according  to  §  87 ;  the  lead-rod  is  driedj 
and  re-weighed  ;  the  loss  of  weight  which  it  has  suffered  in  the 
process,  is  subtracted  from  the  amount  of  lead  produced  from  the 
filtrate.  (UUgren.) 

14.  Oxide  of  lead  from  the   oxides  of  copper 
and  cadmium. 

a.  Separation  by  means  of  cyanide  of  potassium. 

Like  oxide  of  lead  firom  oxide  of  silver.  (§  127,  Ji,  p,) 

fi.  Separation  by  means  of  sulphuric  acid. 

Like  oxide  of  lead  from  peroxide  of  mercury.  (§  127,  7,  y.) 

15.  Oxide  of  bismuth  from  oxide  of  copper. 
a.  Separation  by  means  of  cyanide  of  potassium. 

Like  oxide  of  lead  from  oxide  of  copper.  (§  127,  14.) 
P,  Separation  by  heat. 

Like  mercury  from  copper,  §  127,  6 ;  compare  likewise  §  127, 
18,  p.     This  method  is  eepeciaUy  applicable  in  the  case  of  alloys, 
y.  Separation  by  means  of  ammonia. 
The  solution  is  mixed  with  sal  ammoniac,  and  then  gradually 
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dropped  into  dilute  ammonia.  This  causes  the  bismuth  to  preci- 
pitate as  a  basic  salt,  whilst  the  oxide  of  copper  remains  in  solu- 
tion as  an  ammoniacal  double  salt.  (Berzelius.)  The  precipi- 
tate is  washed  with  dilute  ammonia,  dissolved  in  dilute  nitric  add, 
and  the  bismuth  in  the  solution  determined  according  to  the 
directions  given  §  91.  The  copper  in  the  ammoniacal  solution  is 
determined  as  directed  §  90,  1,  a.,  /?. 

16.  Oxide  of  bismuth  from  oxide  of  cadmium. 
The  separation  is  effected  by  means  of  cyanide  of  potassium, 

like  that  of  oxide  of  lead  from  oxide  of  cadmium;  vide  §  127, 
14,  a. 

17.  Oxide  of  copper  from  oxide  of  cadmium. 
The  separation  is  effected  by  means  of  cyanide  of  potassium,  in 

the  same  manner  as  that  of  oxide  of  silver  from  oxide  of  copper ; 
vide  §  127,  4,  p,  aa. 

18.  All  the  metals  of  the  fiffh  group  from  one 

ANOTHER. 

The  dilute  solution  is  mixed  with  carbonate  of  potass,  and  sub- 
sequently with  cyanide  of  potassium  in  excess ;  the  mixture  is 
digested  for  some  time,  at  a  gentle  heat,  and  filtered.  The  car- 
bonates of  lead  and  of  bismuth  (mixed  with  alkali)  remain  upon 
the  filter;  the  lead  is  separated  from  the  bismuth  as  directed 
§  127,  18.  The  filtrate  is  mixed  with  dilute  nitric  acid  in  excess, 
and  the  fluid  filtered  off  from  the  precipitated  cyanide  of  silver, 
which  is  to  be  determined  according  to  §  86,  8.  The  filtrate  is 
again  neutralized  with  carbonate  of  potass ;  cyanide  of  potassium 
is  then  added,  and  sulphuretted  hydrogen  in  excess  transmitted 
through  the  solution ;  a  fresh  portion  of  cyanide  of  potassium  is 
then  added — (to  re-dissolve  every  trace  of  sulphuret  of  copper  which 
may  perchance  have  been  precipitated) — and  the  solution  which 
contains  all  the  copper,  filtered  off  fi*om  the  precipitated  bisul- 
phuret  of  mercury  and  sulphuret  of  cadmium,  which  are  finally 
separated  from  one  another,  as  directed  §  127,  10.  The  copper 
in  the  filtrate  is  determined  according  to  §  127,  4. 
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SIXTH  GROUP. 

PEROXIDE  OF  GOLD  — PEROXIDE  OF  PLATINUM — PROTOXIDE  OF 
TIN — PEROXIDE  OF  TIN— OXIDE  OF  ANTIMONY — ARSENIOUS 
ACID — ARSENIC   ACID. 

I.    Separation   of  the   oxides  of  the   sixth  group  from 

THOSE   OF  THE   FIRST  FOUR  GROUPS. 
§    128. 

a.  Separation  of  all  the  oxides  o/tlie  sixth  group  from  those 
of  the  first  four  groups. 

a.  Sulphuretted  hydrogen  in  excess  is  conducted  into  the  acid 
solution^  and  the  precipitated  sulphurets  (corresponding  to  the 
oxides  of  the  sixth  group)  are  filtered  off. 

The  points  mentioned  §  126,  a.,  a  and  y  are  here  to  be  like- 
wise attended  to.  With  regard  to  the  particular  conditions  requi- 
site to  effect  the  complete  precipitation  of  the  individual  metals  of 
the  sixth  group>  I  refer  to  section  IV.  Wohler  has  found  that 
sulphuretted  hydrogen  fails  to  separate  arsenic  acid  from  oxide 
of  zinc,  even  though  a  considerable  excess  of  mineral  acid  be 
present,  since  the  whole,  or  a  portion  of  the  zinc,  will  invariably 
precipitate  in  conjunction  with  arsenic  :  Zn  S,  As  S,.  In  cases, 
therefore,  where  we  have  oxide  of  zinc  and  arsenic  acid  together 
in  solution,  the  arsenic  acid  must  first  be  converted  into  arsenious 
acid,  by  heating  with  sulphurous  acid,  before  the  sulphuretted 
hydrogen  is  transmitted  through  the  solution. 

p.  It  is  more  convenient  in  some  cases  to  base  the  separation 
of  the  metals  of  the  sixth  group  from  those  of  the  third  and  fourth 
groups,  upon  the  solubiUty  of  the  sulphurets  of  the  former  in 
alkaline  sulphurets,  since  neither  the  hydrates  of  alumina  and 
oxide  of  chromium,  nor  the  sulphurets  of  the  metals  of  the  fourth 
group,  are  dissolved  by  alkaline  sulphurets.  The  process  is,  in 
such  cases,  conducted  as  directed  §  129,  a,  ^.  This  method  is 
not  applicable  in  cases  where  the  compound  to  be  analysed  con- 
tains nickel. 
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h.  Separation  of  individual  oandes  of  the  sixth  group  from 
those  of  the  first  four  groups, 

1.  Gold. 

a.  Metallic  gold  may  be  readily  separated  firom  the  metals  of 
the  fourth  group,  by  means  of  nitric  acid  or  hydrochloric  acid, 
since  these  acids  dissolve  the  other  metals,  and  leave  the  gold 
intact. 

p.  If  we  have  peroxide  of  gold  in  acid  solution,  together  with 
the  oxides  of  the  four  first  groups,  the  gold  may  be  readily  pre- 
cipitated with  oxalic  acid,  (§  98,)  and  thus  separated  firom  the 
other  oxides.  Care  must  be  taken  to  add  a  sufficient  amount  of 
hydrochloric  acid  to  the  solution,  lest  oxalates  insoluble  in  water 
should  precipitate  in  conjunction  with  the  gold,  owing  to  a  de- 
ficiency of  their  proper  solvent. 

2.  Platinum  may  be  separated  firom  all  those  metals  of  the 
four  first  groups,  of  which  the  chlorides  dissolve  in  alcohol,  by 
precipitating  it  with  sal  ammoniac,  according  to  §  94.  Compare 
likewise  the  separation  of  platinum  fi*om  the  metals  of  the  fifth 
group,  §  129,  6. 

3.  Tin  and  antimony. 

a.  These  metals  may  be  separated  firom  their  alloys  with  metals 
of  the  fourth  group,  by  means  of  nitric  acid,  since  this  leaves  the 
oxides  of  tin  and  antimony  which  are  formed,  undissolved,  wliilst 
it  dissolves  the  other  oxides.  (The  results  are  not  perfectly 
accurate,  especially  in  the  case  of  antimony,  of  which  a  small 
portion  is  dissolved  in  the  process.) 

p.  Tin  and  antimony  may  be  readily  separated  from  those  me- 
tals of  which  the  chlorides  are  fixed,  by  heating  the  mixed  metals 
in  a  stream  of  chlorine  gas ;  compare  §  1 27,  1 ,  y.  The  volatihzing 
chloride  of  antimony  and  chloride  of  tin  are  to  be  conducted  into 
water  impregnated  with  hydrochloric  acid. 

4.  Arsenic  may,  under  certain  circumstances,  be  advan- 
tageously separated  from  the  oxides  of  the  fourth  group,  &c.,  by 
the  method  which  will  be  found  described  §  129,  7,  a.  This 
method  is  not  applicable,  however,  for  the  separation  of  the  acids 
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of  arsenic  firom  aluinina.  From  barytes,  strontia,  and  lime,  arsenic 
acid  may  be  readily  separated  by  means  of  sulpburic  acid.  In 
the  case  of  stronda  and  lime,  alcohol  is  added,  to  separate  the 
precipitates  completely  from  the  fluid.  The  best  way  is,  to  dis- 
solve the  compound  to  be  analysed  in  hydrochloric  acid  before 
adding  the  sulphuric  acid;  should  the  compound  be  insoluble 
in  hydrochloric  acid,  it  is  to  be  reduced  to  a  very  fine  pow- 
der, boiled  for  some  time  with  concentrated  sulphuric  acid, 
and  the  further  process  conducted  as  stated  above.  The  propor- 
tion of  the  arsenic  acid  may  be  calculated  from  the  loss  of  weight 
which  the  analysed  compound  undergoes,  or  it  may  be  determined 
in  the  filtrate  by  means  of  sulphuretted  hydrogen. 

Arsenite  of  barytes  may  be  decomposed  immediately  by  sul* 
phuric  acid,  but  the  arsenites  of  strontia  and  lime  must  first  be 
converted  into  arseniates  by  repeated  evaporation  with  nitric  acid 
and  cautious  ignition. 

II.  Separation  of  the  oxides  of  the  sixth  group  from  those 

OF  the  fifth. 

§  129. 

a.  Separation  of  all  the  oxides  of  the  sixth  group  from  those 
of  the  fifth. 

The  sulphurets  of  the  sixth  group  are  soluble  in  alkaline  snl- 
phurets,  whilst  those  of  the  fifth  group  are  insoluble  in  these 
reagents.  This  furnishes  us  with  a  ready  means  of  separating 
the  metals  of  the  fifth  firom  those  of  the  sixth  group.  Sulphu- 
ret  of  ammonium  is  generally  used  as  the  solvent ;  if  protosul- 
phuret  of  tin  is  present,  the  sulphuret  of  ammonium  must  con- 
tain sulphur  in  excess,  or  a  certain  amount  of  sulphur  must 
be  added  to  it.  If  copper  is  present,  sulphuret  of  potassium  is 
to  be  substituted  for  ammonium,  since  sulphuret  of  copper  is 
slightly  soluble  in  the  latter ;  this  substitution,  however,  is  ad- 
missible only  if  no  mercury  is  present,  since  the  sulphurets  of 
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mercury  are  soluble  in  sulphuret  of  potassium.    The  separation 
may  be  effected  in  two  ways,  viz., 

a.  The  oxides  of  both  groups  are  precipitated  from  their  acid 
solution  with  sulphuretted  hydrogen,  and  the  precipitate  digested 
some  time  with  sulphuret  of  ammonium,  (or  sulphuret  of  potas- 
sium instead,  in  presence  of  copper  and  absence  of  mercury ;)  the 
fluid  which  contains  the  sulphurets  of  the  sixth  group  in  solution 
is  then  filtered  off  from  the  undissolved  sulphurets  of  the  fifth 
group. 

p.  The  solution  is  neutralized  with  ammonia,  (or  with  potass 
instead,  under  certain  circumstances,)  and  sulphuret  of  ammo- 
nium (or  sulphuret  of  potassium  instead)  added  in  excess.  The 
mixture  digested  some  time;  the  fluid  which  contains  the  sul- 
phurets of  the  sixth  group  in  solution  is  then  filtered  off  bam  the 
undissolved  sulphurets  of  the  fifth  group. 

If  the  compound  to  be  analysed  is  in  a  solid  and  dry  state,  the 
object  in  view  may  frequently  be  attained  most  readily  by  fusing 
it  together  with  sulphuret  of  potassium,  and  treating  the  fused 
mass  with  water,  when  the  sulphurets  of  the  sixth  group  will 
dissolve,  whilst  those  of  the  fifth  group  will  remain  undissolved. 

Brunner  has  shown  that  these  methods  fail  to  separate  copper 
completely  from  arsenic ;  for  the  separation  of  these  two  metals, 
therefore,  the  method  described  here  below  (&.,  7,  a.)  is  to  be 
preferred. 

b.  Separation  of  individual  oxides  of  the  sixth  group  from 
those  of  the  fifth. 

1.  Gold  from  silver  (in  alloys). 

Before  we  proceed  to  treat  of  the  separation  of  these  two  metals, 
we  have  to  consider  the  deportment  of  differently  composed  alloys 
of  gold  and  silver. 

aa.  When  an  alloy  containing  less  than  fiftieen  per  cent,  of  silver, 
is  treated  with  aqua  regia,  all  the  gold  is  obtained  in  solution, 
whilst  all  the  silver  remains  undissolved  as  chloride  of  silver. 

bb.  If  the  alloy  contains  more  than  fifteen  per  cent,  of  silver, 
the  chloride  of  silver  formed  protects  the  yet  undecomposed  por- 


§    IS9.]  SIXTH   OKOUP   FROM   FIFTH.  337 

tion  of  the  alloy  so  as  to  prevent  the  complete  solution  of  the 
gold. 

cc.  If  an  alloy  containing  eighty  per  cent  or  more  of  silver,  is 
acted  upon  by  nitric  acid,  all  the  silver  is  dissolved,  whilst  the 
gold  remains  undissolved. 

dd.  If  the  alloy  contains  less  than  eighty  per  cent,  of  silver, 
nitric  acid  fails  to  dissolve  the  silver  completely. 

From  a  due  consideration  of  these  points  result  the  following 
methods  of  separation. 

o.  Alloys  containing  less  than  Jif  teen  per  cent,  of  silver  are  to 
be  treated  with  aqua  regia. 

p.  Alloys  containing  more  than  eighty  per  cent,  of  silver  are 
to  be  treated  with  nitric  acid. 

y.  Alloys  containing  between  fifteen  and  eighty  per  cent,  of 
silver,  are  to  be  fused  in  a  porcelain  crucible,  together  with  three 
parts  of  pure  lead ;  the  fused  mass  is  to  be  treated  with  nitric  acid. 
All  the  gold  remains  undissolved,  whilst  the  whole  of  the  silver 
and  lead  dissolve ;  the  lead  is  finally  separated  from  the  silver  as 
directed  §  127,  2. 

2.  GrOLD   FROM   COPPER,   BISMUTH,  AND   CADMIUM. 

The  gold  is  precipitated  by  means  of  oxalic  acid  (vide  §  93,  b, 
y.)  and  the  other  metals  are  determined  in  the  filtrate. 

3.  GrOLD  FROM   MERCURY. 

These  metals  may  be  readily  separated  from  one  another  by 
ignition,  no  matter  whether  we  have  to  operate  upon  them  in 
alloys  or  in  chemical  compounds.  The  proportion  of  the  mercury 
is  either  calculated  from  the  loss  of  weight  which  the  ignited 
alloy  or  compound  has  suffered  in  the  process,  or  the  sublimed 
mercury  is  collected  and  weighed  directly.  Compare  §  89. 

4.  Gold  from  lead  and  bismuth. 

If  we  have  these  metals  in  solution,  they  may  be  readily  sepa- 
rated from  one  another  by  means  of  cyanide  of  potassium,  in  the 
same  manner  in  which  mercury  is  separated  from  lead  and  bismuth, 
§  127,  7,  a.  The  solution  of  the  double  cyanide  of  gold  and 
potassium  is  decomposed  by  boiling  with  hydrochloric  acid,  and 
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after  the  expulsion  of  the  hydrocyanic  acid^  the  gold  is  determined 
by  one  of  the  methods  described  §  93. 

N.B.  to  2,  3,  and  4.  From  alloys  with  copper,  bismuth,  cad- 
mium, mercury,  and  lead,  containing  no  very  large  proportion  of 
gold,  the  latter  metal  may  also  be  separated  in  a  very  simple 
manner — by  treating  the  alloy  with  nitric  acid. 

5.  Platinum  from  the  metals  of  the  fifth  group. 
a.  The  separation  of  platinum  from  alloys  may,  in  most  in- 
stances, be  effected  by  treating  the  alloys  under  examination 
with  nitric  acid.  The  presence  of  some  metals,  however,  (silver 
for  instance,)  imparts  to  the  nitric  acid  the  property  of  dissolving 
j:latinum  likewise.  Metals  of  this  description  may  generally  be 
separated  from  platinum  by  means  of  boiling  concentrated  sulphu- 
ric acid,  provided,  of  course,  they  be  soluble  in  this  acid. 

p.  From  those  metals  the  chlorides  of  which  are  soluble  in 
spirits  of  wine,  platinum  may  be  separated  by  means  of  sal  ammo- 
niac. Compare  §  94. 

6.  Tin  and   antimony  from  the   metals   of  the 
FIFTH  group,  (in  alloys). 

a.  The  separation  of  tin  and  antimony  from  the  whole  of  the 
metals  of  the  fifth  group,  may  be  effected  by  means  of  nitric  acid. 
Compare  §  128,  b.  3,  a.  In  the  analysis  of  alloys  of  copper  and 
tin,  this  method  does  not  yield  absolutely  accurate  results,  since 
the  insoluble  peroxide  of  tin  formed  retains  invariably  an  admix- 
ture of  oxide  of  copper ;  nor  are  the  results  more  accurate  in  the 
analysis  of  alloys  of  antimony.  (Compare  §  128,  b,  3,  a.)  The 
application  of  this  method  should  accordingly  be  more  exclusively 
confined  to  the  analysis  of  alloys  containing  but  a  small  propor- 
tional amount  of  tin  or  antimony. 

p.  From  those  metals  the  chlorides  of  which  are  fixed,  tin  and 
antimony  may  be  separated  by  means  of  chlorine.  Compare  §  1 28, 
b.  3,  )3.  This  method  is  preferable  for  alloys  containing  a  large 
proportion  of  tin  or  antimony. 

7.  Arsenic  from  the  metals  of  the  fifth  group. 
a.  The  compound  under  examination  is  fused  with  2  parts  of 
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carbonate  of  soda,  and  2|  parts  of  nitrate  of  potass ;  the  fused 
mass  is  subsequently  treated  with  water.  Arseniated  alkali  is 
dissolved  out  in  this  manner,  whilst  the  metallic  oxides  remain 
undissolved ;  the  latter  are  not  to  be  weighed  directly,  since  they 
retain,  in  most  instances,  an  admixture  of  alkali. 

p.  From  those  metals  the  chlorides  of  which  are  fixed,  arsenic 
may  be  separated  by  means  of  chlorine,  in  the  same  manuer  as 
tin  and  antimony.  (Compare  §  128,  b.  8,  P,  and  also  §  127,  1.  y,) 
This  method  is  not  often  resorted  to,  however,  since  it  effects 
the  complete  decomposition  of  alloys  of  arsenic  only  with  the  very 
greatest  difficulty. 

y.  Arsenic  acid  maybe  separated  from  lead  by  means  of  sulphu- 
ric acid  in  a  very  simple  and  precise  manner.  The  separation  is 
effected  either  by  boiling  the  very  finely  levigated  compound  under 
examination  with  hydrated  sulphuric  acid,  and  maintaining  the 
mixture  for  some  time  in  a  state  of  ebullition ;  or  by  dissolving 
the  compound  in  nitric  acid,  and  precipitating  the  solution  sub- 
sequently with  sulphuric  acid  and  alcohol.  (§  87.)  The  arsenic  is 
either  to  be  determined  in  the  filtrate  by  means  of  sulphuretted 
hydrogen,  or  its  proportion  may  be  inferred  firom  the  amount  of 
lead  obtained  in  the  form  of  sulphate. 

III.  Separation  of  the  oxides  of  the  sixth  group  from 

ONE   ANOTHER. 

§  130. 

1.  Gold  from  platinum. 

The  platinum  is  precipitated  firom  the  acid  hydrochloric  solution 
of  the  two  metals  by  means  of  chloride  of  potassium ;  (vide  §  94 ;) 
the  gold  in  the  filtrate  is  subsequently  precipitated  with  protosul- 
phate  of  iron.  (Vide  §  98.) 

2.  Gold  and  platinum  from  tin,  antimony,  and 

ARSENIC. 

The  alloys  or  sulphurets  of  the  metals  in  question  are  to  be 
heated  in  a  stream  of  chlorine  gas ;  the  gold  and  platinum  remain, 

z  2 
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whilst  the  chlorides  of  tin,  antimony,  and  arsenic  distil  over  into 
the  water  of  the  receiver.    Compare  §  127,  1,  y. 
3.  Tin  from  antimony. 

a.  In  alloys, 

a.  Separation  by  means  of  hydrochloric  acid. 

A  weighed  portion  of  the  very  finely  levigated  alloy  onder  ex- 
amination is  heated  with  hydrochloric  acid,  and  solution  of  chlo* 
rate  of  potass  added  until  the  alloy  is  completely  dissolved. 

The  solution  is  introduced  into  a  flask,  and  a  clean  slip  of  zinc 
placed  into  the  latter.  The  disengaged  hydrogen  gas  is  transmitted, 
first  through  a  small  washing  hottle  half  filled  with  water,  and 
subsequently  through  a  Liebio's  potass  apparatus  (compare  §  141) 
filled  with  a  solution  of  neutral  nitrate  of  silver.  When  the  evo- 
lution of  gas  has  completely  ceased,  the  apparatus  is  taken  asun- 
der, and  the  slip  of  zinc  withdrawn  from  the  flask,  and  freed  by 
repeated  rinsing  in  a  porcelain  dish,  from  the  adhering  tin  and 
antimony.  The  rinsing  water  is  then  added  to  the  contents  of  the 
flask,  the  precipitated  metals  are  allowed  to  subside,  and  the  clear 
supernatant  fluid  is  cautiously  decanted. 

The  flask  contains  now  the  whole  of  the  tin,  nearly  the  whole 
of  the  antimony,  and  a  small  portion  of  solution  of  zinc,  whilst  in 
the  potass  apparatus,  we  have  a  black  powder  which  consists  of 
antimonuret  of  silver. 

Hydrochloric  acid  is  now  poured  into  the  flask,  and  the  latter 
again  connected  with  the  washing  bottle,  and  the  same  potass  ap- 
paratus ;  heat  is  then  applied  until  the  tin  is  completely  dissolved. 
After  cooling,  the  solution  of  protochloride  of  tin  is  filtered  off 
from  the  undissolved  powder  of  antimony,  and  the  latter  collected 
upon  the  filter,  washed,  first  with  dilute  hydrochloric  acid,  finally 
with  water,  dried  and  weighed.  For  the  properties  of  antimony, 
vide  §  64,  c.  The  tin  in  the  filtrate  is  precipitated  with  sulphu- 
retted hydrogen.  (§  128.) 

The  contents  of  the  potass  apparatus  are  filtered,  the  antimo- 
nuret of  silver  is  collected  upon  the  filter,  washed,  and  the  anti- 
mony finally  determined  according  to  §  129 ;  the  resulting  quan- 
tity is  added  to  the  weight  of  the  first  precipitate  of  antimony. 
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P,   SEPARATION  BY  MEANS   OF   METALtIC  TIN. 

The  solution  of  the  compound  under  examination  is  eflfected 
in  the  same  manner  as  at  a ;  a  considerable  amount  of  hydro- 
chloric acid  is  subsequently  added,  and  the  mixture  heated  for 
some  time  with  a  clean  slip  of  tin.  Upon  this,  the  whole  of  the 
antimony  will  separate  in  the  form  of  a  black  powder,  the  per- 
chloride  of  tin  being  reduced,  at  the  same  time,  to  the  state  of 
protochloride.  The  slip  of  tin  is  now  withdrawn,  thoroughly  freed 
from  the  adhering  particles  of  antimony,  by  washing  with  water 
impregnated  with  hydrochloric  acid ;  the  whole  of  the  antimony 
is  finally  collected  upon  a  tared  filter,  dried  and  weighed.  The 
difference  between  the  weight  of  the  antimony  and  that  of  the 
analysed  alloy,  indicates  directly  the  amount  of  tin  originally 
present  in  the  latter* 

b.  In  solution. 

a.  Should  the  solution  contain  free  nitric  acid,  this  is  to  be 
removed  completely  by  adding  hydrochloric  acid,  and  evaporating 
to  dryness  at  a  very  gentle  heat ;  the  residue  is  to  be  heated  as 
directed  at  a,  a. 

p.  The  two  metals  are  precipitated  as  sulphurets ;  the  precipi- 
tate is  weighed,  and  subsequently  dissolved  in  hydrochloric  acid 
by  digestion  at  a  gentle  heat,  with  addition  of  chlorate  of  potass ; 
the  solution  is  treated  according  to  a,  P, 

The  latter  method  is  applicable  only  in  cases  where  the  degree 
of  sulphuration  in  which  the  two  metals  exist  in  the  precipitate  is 
accurately  known  ;  moreover,  the  precipitate  must  contain  no  free 
sulphur  in  admixture. 

4.  Tin  from  arsenic. 

a.  In  alloys. 

The  alloy  under  examination  is  treated  according  to  3,  a.  a. 
(Separation  of  tin  from  antimony.)  Finally,  upon  treating  the 
precipitated  metals  with  hydrochloric  acid,  two  cases  may  present 
themselves. 

a.  The  fluid  in  the  flask  is  perfectly  clear.  This  is  a  sure  sign 
that  all  the  arsenic  originally  present  in  the  precipitate  is  volati- 
lized in  the  form  of  arseniuretted  hydrogen. 
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The  contents  of  the  potass  apparatus  are  filtered,  and  the  silyer, 
which  contains  only  a  trace  of  arsenic,  is  dissolved  in  nitric  acid, 
the  solution  being  subsequently  added  to  the  filtrate  which  con- 
tains nearly  the  whole  of  the  arsenic  in  the  form  of  arsenious 
acid.  The  arsenic  is  finally  separated  firom  the  silver  by  means 
of  hydrochloric  acid. 

The  proportion  of  tin  present  in  the  analysed  alloy  is  either 
determined  by  treating  the  solution  in  the  flask  according  to 
8,  a,,  a.,  or  inferred  from  the  weight  of  the  arsenic  obtained. 

P,  A  black  powder  remains  in  thejlask. 

This  consists  of  metallic  arsenic.  The  fluid  is  filtered  off  from 
the  arsenic,  and  the  latter  collected  upon  the  filter,  washed,  dried, 
and  weighed ;  the  weight  is  added  to  that  of  the  arsenic  contained 
in  the  potass  apparatus,  which  is  to  be  determined  according  to  a. 
The  proportion  of  tin  present  in  the  analysed  alloy  is  either  deter- 
mined by  treating  the  filtrate  according  to  8,  a.,  a.,  or  inferred 
from  the  weight  of  the  arsenic  obtained. 

h.  In  solution. 

Should  the  solution  contain  free  nitric  acid,  it  is  to  be  perfectly 
freed  from  this  by  adding  hydrochloric  acid,  and  evaporating  to 
dryness  at  a  gentle  heat.  The  residue  is  to  be  treated  according 
to  the  directions  of  a. 

5.  Protoxide  of  tin  from  peroxide  of  tin. 

It  is  impossible  to  effect  a  direct  separation  of  the  two  oxides 
of  tin ;  recourse  must  be  had,  therefore,  to  the  methods  of  in- 
direct analysis. 

The  desired  end  may  be  attained  best  in  the  following  manner. 
The  solution  containing  the  two  oxides,  or  corresponding  chlo- 
rides, is  divided  into  two  portions,  and  the  amount  of  tin  deter- 
mined in  the  one  portion,  according  to  §  06 ;  the  other  portiou 
is  dropped  into  a  considerable  excess  of  dilute  hot  solution  of 
perchloride  of  mercury,  acidified  with  hydrochloric  acid;  this 
causes  the  precipitation  of  a  certain  amount  of  protochloride  of 
mercury  exactly  corresponding  to  the  proportion  of  protoxide  of 
tin  present -in   the  analysed  solution.     The  precipitated  proto- 
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chloride  of  mercury  is  collected  upon  a  filter^  washed,  dried,  and 
weighed  as  directed  §  89. 

The  proportions  of  protoxide  and  peroxide  of  tin,  present  in 
the  whole  of  the  analysed  solution,  may  now  be  readily  calculated 
from  the  results  of  these  two  experiments.    (H.  Eose.) 
6.  Antimony  from  arsenic. 

The  separation  of  these  two  metals  is  a  problem  for  which 
Chemistry  has  not  yet  found  a  perfectly  satisfactory  solution. 
The  following  methods  may  be  recommended  as  the  most  suit- 
able. 

a.  In  alloys. 

The  alloy  under  examination  is  introduced  into  a  bulbous 
tube,  and  covered  with  a  mixture  of  common  salt  and  carbonate 
of  soda;  the  tube  is  connected  with  an  apparatus  evolving  dry 
carbonic  acid  gas,  and  a  gentle  heat  applied  to  the  bulb  ;  this  is 
gradually  increased  to  the  very  highest  degree  of  intensity,  and 
maintained  thus  until  the  characteristic  odor  of  arsenic  has  com- 
pletely disappeared.  (The  operator  must  take  care  not  to  inhale 
the  escaping  fiimes.  The  most  judicious  way  is  to  introduce  the 
end  of  the  bulbous  tube  into  a  flask,  so  as  to  permit  the  arsenic 
to  sublime  in  the  latter.)  After  cooUng,  the  tube  is  filled  with 
water,  in  order  to  dissolve  the  saline  mass  which  it  contains  in 
conjunction  with  the  residuary  antimony;  the  latter  is  finally 
washed,  dried,  and  weighed.  The  difierence  between  the  weight 
of  the  antimony  and  that  of  the  analysed  alloy,  indicates  directly 
the  proportion  of  arsenic  originally  present  in  the  latter.  The 
results  obtained  by  this  method  are  not  quite  accurate,  being 
always  somewhat  too  low. 

The  layer  of  common  salt  and  carbonate  of  soda  serves  to 
prevent  the  volatilizing  of  the  antimony,  which  would  take  place 
to  a  very  considerable  extent  were  the  alloy  to  be  fused  in  a 
stream  of  carbonic  acid  or  hydrogen  gas,  without  being  thus 
protected. 

h.  In  solution. 

The  two  metals  are  precipitated  in  the  form  of  protosulphurets ; 
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the  precipitate  is  collected  upon  a  filter  and  washed ;  and,  while 
still  moist,  introduced  (together  with  the  filter)  into  a  porcelain 
dish,  when  it  is  mixed  with  an  equal  volume  of  neutral  nitrate  of 
lead  in  powder,  and  with  about  the  same  amount  of  water ;  the 
contents  of  the  dish  are  then  heated  to  boiling,  and  kept  in  a 
state  of  ebullition,  with  constant  stirring  and  renewal  of  the 
evaporating  water,  until  the  mass  acquires  a  dark  brown  tint. 
The  fluid  is  then  filtered  off  from  the  undissolved  residue,  which 
latter  contains  the  whole  of  the  antimony  (partly  in  the  form  of 
oxide,  and  partly  as  a  double  sulphuret  of  antimony  and  lead) 
in  conjunction  with  part  of  the  arsenic  in  the  form  of  a  double 
sulphuret  of  arsenic  and  lead.  The  filtrate  contains  the  rest 
of  the  arsenic  in  conjunction  with  the  excess  of  the  nitrate  of 
lead  used  in  the  process.  The  arsenic  in  the  filtrate  is  deter- 
mined  according  to  §  129,  a.,  or  129,  b.,  7.  The  residue  is 
digested  with  ammonia,  which  decomposes  the  double  sulphuret 
of  arsenic  and  lead,  and  dissolves  the  sulphuret  of  arsenic ;  the 
solution  thus  obtained  is  precipitated  with  hydrochloric  acid,  and 
the  precipitated  sulpharsenious  acid  filtered,  washed,  dried,  and 
weighed,  and  its  proportional  amount  of  arsenic  added  to  the 
weight  of  the  principal  portion  of  the  arsenic  which  has  been 
determined  in  the  filtrate.  The  antimony  and  lead  in  the  residue 
are  separated  according  to  §  1 29,  a.  This  method  was  recom- 
mended by  Behrens.  (Journal  de  Pharmacie,  1843.  Juillet, 
p.  17.)  The  results,  though  not  absolutely  precise,  may  be 
considered  pretty  accurate.  Behrens  proposes  to  precipitate  the 
lead  in  the  first  filtrate,  by  means  of  carbonate  of  ammonia,  to 
filter  the  fluid  off  from  the  precipitated  carbonate  of  lead,  and 
finally  to  precipitate  the  arsenic  from  the  filtrate  by  means  of 
sulphuretted  hydrogen.  I  think  it  impossible,  however,  that  (his 
method  can  under  all  circumstances,  yield  accurate  results. 
7.  Arsenious  acid  from  arsenic  acid. 

The  following  method  of  indirect  analysis  yields  very  satisfac- 
tory results. 

a.  The  solution  of  the  two  acids  is  divided  into  two  accurately 
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weighed  portions ;  the  arsenic  acid  in  the  one  portion  is  reduced 
to  arsenious  acid  by  means  of  sulphurous  acid,  (§  97,  &.,  2,  h.,) 
and  the  whole  of  the  arsenious  acid  subsequently  converted  into 
sulpharsenious  acid,  which  is  finally  washed,  dried  at  212^,  and 
accurately  weighed. 

h.  In  the  other  portion  the  arsenious  acid  is  converted  into 
arsenic  acid  by  means  of  chlorine.  The  solution  is,  for  this 
purpose,  mixed  with  some  hydrochloric  acid,  and  solution  of 
indigo  subsequently  added  until  the  fluid  appears  distinctly  blue. 
Part  of  a  weighed  or  measured  solution  of  chloride  of  lime  (of 
which  the  proportion  of  chlorine  is  accurately  known)  is  then 
added  to  the  fluid  until  the  blue  color  has  disappeared  again ; 
the  amount  of  solution  of  chloride  of  lime  added  is  found  by 
weighing  or  measuring  the  remainder.  For  further  details,  I  refer 
to  §  137,  B.    (Chlorimetry.) 

The  proportion  of  arsenious  acid  originally  present  in  the 
analysed  solution  may  now  be  readily  calculated  firom  the 
amount  of  chlorine  that  has  been  required  in  the  process ;  two 
equivalents  of  chlorine  correspond  to  one  equivalent  of  arsenious 
acid. 

(2  01+2  H  0  + As  03=As  0,  +  2  01  H.) 

By  calculating  the  resulting  quantity  of  arsenious  acid  upon 
sulpharsenious  acid,  and  subtracting  the  weight  of  this  from 
the  total  weight  of  sulpharsenious  acid  obtained  from  the  first 
portion  of  the  analysed  solution,  we  find  the  amount  of  arsenic 
acid  originally  contained  in  the  latter. 

8.  Antimony,  arsenic,  and  tin  from  one  another. 

The  same  method  is  pursued  as  in  the  separation  of  tin  from 
antimony,  vide  §  130,  3,  a.,  a. 

Upon  boiling  the  precipitated  metals  with  hydrochloric  acid, 
the  whole  of  the  tin  is  dissolved,  whilst  the  undissolved  residue 
contains  part  of  the  antimony  and  arsenic,  (such  we  must,  at  least, 
assume  to  be  the  case).  The  fluid  is  filtered  off  from  the  resi* 
duary  mass,  and  the  latter  washed,  first  with  water  containing 
hydrochloric  acid,  and  subsequently  with  pure  water,  dried,  and 
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weighed.  The  final  separation  of  the  arsenic  from  ihe  antimony 
is  effected  in  the  manner  described  at  6,  a.  The  tin  in  the 
filtrate  is  determined  by  means  of  sulphuretted  hydrogen,  Tide  § 
128. 

The  contents  of  the  potass  apparatus  are  filtered ;  the  insoluble 
antimonuret  of  silTer  is  collected  upon  the  filter,  washed,  and  the 
antimony  finally  determined  according  to  §  180 ;  the  resulting 
amount  is  added  to  the  weight  of  the  first  precipitate  of  anti- 
mony. The  arsenic  in  the  filtrate  is  determined  by  the  appro- 
priate method,  and  the  resulting  amount  added  to  the  weight  of 
the  first  precipitate  of  arsenic  The  results  are  not  quite  accu- 
rate, since  the  antimonuret  of  silver  contains  invariably  traces 
of  arsenic ;  this  defect,  however,  is  of  no  great  consequence. 

The  following  formula  will  serve  to  illustrate  the  decomposi- 
tions and  transpositions  which  antimonuretted  and  arseniuretted 
hydrogen  undergo  when   coming  into  contact  with  nitrate   of 
silver. 
6(Ag  O,  N05)+As  H3=6  AgH-As  0,  +  8  HOH-6  NO^, 
8  (AgO,  N05)  +  SbH3=Ag3  Sb-f8HO-f8NO,. 

11.  Separation  of  the  acids  from  one  another. 

I  have  here  to  remark  once  more,  that  the  methods  of  separa- 
tion which  I  am  about  to  describe,  are  generally  based  upon  the 
presupposition  that  the  acids  exist  either  in  the  free  state  or  in 
combination  with  alkaline  bases. 


first  group. 


ARSENIOUS    acid ARSENIC    ACID CHROMIC    ACID  —  SULPHURIC 

ACID — PHOSPHORIC   ACID — BORACIC   ACID — OXALIC   ACID  —  HY- 
DROFLUORIC  ACID— SILICIC   ACID— CARBONIC  ACID. 

§  131. 

1.   ArSENIOUS  and     ARSENIC   ACID     FROM    THE    OTHER 
ACIDS. 

The  whole  of  the  arsenic  is  precipitated  by  means  of  sulphu- 
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retted  hydrogen.  (§  97.)  The  filtrate  contains  the  other  acids, 
mrhich  are  finally  determined  by  the  appropriate  methods.  Should 
chromic  acid  be  present,  this  must  first  be  reduced  to  the  state 
of  oxide^  {%  99,)  to  prevent  the  precipitation  of  sulphur  in  con- 
junction with  the  sulphuret  of  arsenic. 

2.  Sulphuric  acid  from  the  other  acids. 

The  solution  under  examination  (which  should  be  dilute)  is 
strongly  acidified  with  hydrochloric  acid,  and  subsequently  mixed 
with  chloride  of  barium.  The  precipitated  sulphate  of  barytes  is 
fi]tered,  and  subsequently  determined  according  to  the  directions 
of  §  100.  The  filtrate  contains  the  whole  of  the  other  acids, 
which  are  finally  determined  by  the  proper  methods. 

3.  Chromic  acid  from  phosphoric  acid. 

The  phosphoric  acid  is  precipitated  with  sulphate  of  magnesia, 
(§  101,)  and  the  chromic  acid  in  the  filtrate  determined  as 
directed  §  99. 

4.  Chromic  acid  from  boracic  acid. 

The  chromic  acid  is  first  reduced  to  the  state  of  oxide,  (§  99,) 
and  the  oxide  of  chromium  subsequently  separated  from  the 
boracic  acid,  as  directed  at  §  102. 

5.  Phosphoric  acid  from  boracic  acid. 

The  phosphoric  acid  is  precipitated  by  means  of  sulphate  of 
magnesia,  (^  101,  I.,  &.,)  and  the  boracic  acid  in  the  filtrate  sub- 
sequently determined  by  one  of  the  methods  described  at  §  102. 

6.  Phosphoric  acid  or  boracic  acid  from  oxalic 
acid. 

The  alkaline  salts  of  these  acids  are  ignited,  and  the  phosphoric 
or  boracic  acid  in  the  residue  is  determined  by  the  appropriate 
method ;  the  amount  of  oxalic  acid  is  determined  in  another  por- 
tion of  the  compound  under  examination,  according  to  the  direc- 
tions given  at  §  103, 1.,  b, 

7.  Fluorine  from  silicic  acid  and  the  silicates* 
a.   Wbhlera  method. 

The  compound  under  examination,  very  finely  levigated,  is  in- 
troduced into  a  small  flask,  and  pure  hydrated  sulphuric  acid 
7 
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poured  oyer  it ;  the  flask  is  quickly  closed  with  a  perforated  cork, 
into  which  a  small  chloride  of  calcium  tuhe  is  tightly  fitted ;  the 
apparatus  thus  prepared  is  weighed  with  the  greatest  possible 
expedition,  and  subsequently  exposed  to  the  action  of  heat  until 
the  evolution  of  fumes  of  fluoride  of  silicon  ceases ;  the  last  traces 
of  gas  are  finaUy  removed  fix)m  the  flask,  by  means  of  an  ex- 
hausting syringe.  The  apparatus  is  then  allowed  to  cool,  and 
subsequently  weighed ;  the  loss  of  weight  which  it  has  undergone, 
indicates  the  amount  of  fluoride  of  silicon  expelled  in  the  process ; 
the  proportion  of  the  fluorine  and  that  of  the  silicon  are  calculated 
from  this,  and  the  amount  of  the  latter  is  then  calculated  upon 
silicic  acid,  the  resulting  amount  being  finally  added  to  the  weight 
of  the  silicic  acid  in  the  residue.  The  apparatus  may  be  modified 
by  adding  a  second  tube,  closed  with  a  wax  stopper  at  the  top, 
and  the  lower  end  of  which  is  made  to  reach  nearly  to  the  bottom 
of  the  flask.  This  modification  of  the  apparatus  renders  the  use 
of  an  exhausting  syringe  unnecessary,  since  the  last  traces  of  gas 
may  now  be  removed  fi-om  the  flask  by  simple  suction, — ^for  which 
purpose  a  suction  tube  is  applied,  filled  with  dry  cotton  at  the 
lower  end,  and  with  moist  cotton  in  the  centre.  Should  the  pro- 
portion of  fluorine  be  very  considerable,  and  that  of  silicon  com- 
paratively small,  the  compound  under  examination  is  to  be  mixed 
with  a  weighed  amount  of  chemically  pure  silicic  acid,  which  is 
finally  to  be  deducted  from  the  results. 

p,  Berzelius  method. 

aa.  The  compound  under  examination  is  levigated  and  elu- 
triated to  the  highest  degree  of  fineness,  and  the  powder  thus 
prepared  is  subsequently  fused  with  four  parts  of  carbonate  of 
soda ;  the  fused  mass  is  kept  for  some  time  at  an  intense  red 
heat,  and  subsequently  extracted  by  boiling  with  water ;  the  solu- 
tion thus  obtained  is  saturated  with  carbonic  acid,  filtered,  and 
the  residue  washed  with  water,  until  the  rinsings  cease  to  manifest 
an  alkaline  reaction.  The  washed  residue  contains  the  whole  of  the 
silicic  acid, — (provided  this  acid  be  not  present  in  superabundance, 
in  which  case  the  modified  method  bb.  must  be  resorted  to,) — 
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alumina,  &o.  &c. ;  the  solution,  which  contains  the  whole  of  the 
fluorine  in  the  form  of  fluoride  of  sodium,  in  conjunction  with 
carbonate  of  soda,  is  to  be  cautiously  neutralized  with  hydrochloric 
acid,  and  subsequently  kept  exposed  to  the  air  for  twenty-four 
hours  in  an  open  basin,  in  order  to  remove  the  carbonic  acid — 
(this  may  be  more  safely  attained  by  placing  the  basin  under  a 
bell-jar,  by  the  side  of  a  vessel  filled  with  potass  ley.) — ^The 
hydrofluoric  acid  is  then  finally  precipitated  by  means  of  chloride 
of  calcium,  in  conjunction  with  ammonia,  free  from  carbonic 
acid.  (§  104.) 

ih.  Should  the  compound  under  examination  contain  a  very 
abundant  proportion  of  silicic  acid,  the  method  described  sub.  aa. 
will  fail  to  separate  the  whole  of  this  acid.  Kegnault  recom- 
mends in  such  cases  to  mix  the  filtered  solution  of  aa,  with  a 
solution  of  carbonate  of  zinc  in  ammonia,  and  to  evaporate  the 
mixture  to  dryness.  The  solution  of  fluoride  of  sodium,  which  is 
now  obtained. upon  extracting  the  residue  with  water,  is  perfectly 
free  from  silicic  acid,  and  is  to  be  treated  according  to  aa. ;  the 
silicic  which  the  residue  contains,  in  conjunction  with  carbonate 
of  zinc,  is  best  determined  j?^  se,  and  the  resulting  weight  added 
to  that  found  in  the  principal  residue. 

If  the  compound  under  examination  contain  a  large  proportion 
of  lime,  fluxing  it  with  carbonate  of  soda  will  not  effect  its  com- 
plete decomposition ;  so  much  is  certain,  at  least,  that  fluoride  of 
calcium  is  not  completely  resolved  by  fusion  with  carbonate  of 
soda. 

8.  Metallic  fluorides,  silicates,  and  phosphates 
from  one  another. 

Compounds  of  metallic  fluorides,  silicates,  and  phosphates,  are 
of  rather  frequent  occurrence  in  nature ;  their  analysis  may  be 
efiected  according  to  7,  a.,  or  /9.  aa.,  although  the  latter  method 
must  not  be  expected  to  efiect  invariably  complete  decomposition  ; 
at  any  rate,  fluxing  with  carbonate  of  soda  fails  to  effect  the 
complete  decomposition  of  phosphate  of  lime.  The  solution 
which  is  obtained  upon    treatiag   the  fused   mass  by  boiling 
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with  water,  (7,  p.^  aa.,)  contains,  in  presence  of  phosphates, 
hesides  fluoride  of  sodium  and  carbonate  of  soda,  also  phos- 
phate of  soda,  and  the  precipitate  which  this  solution  yields  sub- 
sequently with  chloride  of  calcium,  consists  therefore  of  fluoride 
of  calcium  mixed  with  phosphate  of  lime.  This  precipitate  is 
washed,  dried,  ignited,  and  weighed,  and  subsequently  heated 
with  pure  sulphuric  acid  in  moderate  excess,  until  the  whole  of 
the  hydrofluoric  add  present  is  expelled ;  the  residue  is  then 
treated  with  alcohol,  and  the  solution  flltered  off  from  the  inso- 
luble sulphate  of  lime,  which  latter  is  to  be  determined  according 
to  §  76 ; — ^the  phosphoric  acid  in  the  filtrate  is  determined  as 
directed  at  §  101, 1.,  b.  The  amount  of  fluorine  originally  pre- 
sent in  the  mixed  precipitate  of  fluoride  of  calcium  and  phosphate 
of  lime,  is  inferred  from  the  loss  of  weight  suffered  by  the  preci* 
pitate  in  the  process  of  heating  with  sulphuric  acid. 

9.  Silicic  acid  from  all  other  acids  (hydrofluoric 
acid  excepted). 

a.  In  compounds  decomposed  by  hydrochloric  acid. 

The  compound  under  examination  is  decomposed  by  more  or 
less  protracted  digestion  with  hydrochloric  acid,  and  the  mixture 
finally  evaporated  to  dryness,  (§  106,  2,  b.) ;  the  residue  is 
treated,  according  to  circumstances,  either  with  water,  hydro- 
chloric acid,  or  nitric  acid,  and  the  solution  filtered  off  from  the 
residuary  silicic  acid ;  the  filtrate  contains  the  whole  of  the  other 
acids.  Should  boracic  acid  be  present^  the  evaporation  is  to  be 
conducted  in  a  flask,  and  the  disengaged  vapor  received  in  water, 
so  as  to  avoid  any  loss  of  substance.  Should  carbonates  be 
present,  the  carbonic  acid  is  to  be  determined  in  a  fresh  portion 
of  the  analysed  compound. 

p.  In  compounds  which  hydrochloric  acid  fails  to  decompose. 

The  substance  under  examination  is  fused  with  alkalies, 
(compare  §  20) ;  the  mass  may  either  at  once  be  acted  upon 
with  dilute  hydrochloric  or  nitric  acid,  and  the  solution  treated 
according  to  a. ;  or  the  fused  mass  may  be  extracted  with  water ; 
part  of  the  silicic  acid  dissolves,  however,  in  this  process,  in 
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Gonjunction  with  the  other  acids ;  this  is  precipitated  again  hy 
heating  with  bicarbonate  of  ammonia.  The  fluid  is  filtered. off 
from  the  precipitate^  and  the  latter  washed,  and  sabsequendy 
added  to  the  residue^  which  is  then  treated  with  hydrochloric  acid 
in  the  manner  described  at  §  106,  in  order  to  determine  the 
amount  of  silicic  acid  originally  present  in  the  analysed  com- 
pound. The  filtrate  contains  the  whole  of  the  other  acids. 
Which  of  these  methods  is  preferable  in  particular  cases  depends 
upon  the  nature  of  the  bases  and  the  relative  proportion  of  silicic 
acid  present. 

10.  Carbonic  acid  from  all  other  acids. 
As  carbonic  acid  is  expelled  and  removed  upon  heating  its 
salts  with  stronger  acids,  the  presence  of  carbonates  does  not 
interfere  with  the  determination  of  most  other  acids ;  and  since, 
on  the  other  hand,  the  proportion  of  carbonic  acid  present  in  a 
compound  is  most  simply  inferred  from  the  loss  of  weight  suffered 
by  the  latter,  the  presence  of  salts  of  non -volatile  acids  does  not 
interfere  with  the  determination  of  the  carbonic  acid.  Accord- 
ingly, when  we  have  to  analyse  compounds  consisting  of  car- 
bonates, sulphates,  phosphates,  &c.,  &c.,  we  determine  the 
carbonic  acid  in  one  portion,  and  the  other  acids  in  another 
portion  of  the  substances  under  examination.  Should  the  com- 
pound contain  fluorides,  the  carbonic  acid  must  be  expelled  by 
one  of  the  weak  non-volatile  acids,  (e.  g.  tartaric  acid,  citric 
acid,)  since,  were  we  to  use  sulphuric  acid  or  hydrochloric  acid, 
part  of  the  liberated  hydrofluoric  acid  would  escape  in  conjunc- 
tion with  the  carbonic  acid.  It  happens  sometimes  in  the  course 
of  analysis,  that  we  obtain  a  mixed  precipitate  of  fluoride  of 
calcium  and  carbonate  of  lime ;  these  two  substances  may,  in 
such  cases,  be  separated  by  pouring  acetic  acid  over  the  mixed 
precipitate,  adding  alcohol,  filtering,  and  finally  washing  the 
residue  with  alcohol. 
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SECOND  GROUP. 

HYDROCHLORIC  ACID — HYDROBROMIC  ACID— HYDRIODIC  ACID  — 
HYDROCYANIC  ACID — HYDROS ULPH URIC  ACID  (SULPHURETTED 
HY'DROGEN). 

I.  Separation  of  the  acids  of  the  second  group  from  those 

OF  THE  first. 

§  182. 

a.  Separation  of  the  whole  of  the  acids  of  tlie  second  group 
from  those  of  the  first. 

The  dilute  solution  of  the  compound  under  examination  is 
mixed  with  nitric  acid,  solution  of  nitrate  of  silver  added  in 
excess,  and  the  fluid  filtered  off  from  the  insoluble  silver  com* 
pounds  of  chlorine,  bromine,  iodine,  &c.,  &c.  The  filtrate  con- 
tains the  whole  of  the  acids  of  the  first  group,  the  silver  salts  of 
these  acids  being  soluble  in  water  or  in  nitric  acid.  Carbonic 
acid  requires,  under  all  circumstances,  a  separate  determination. 

h.  Separation  of  individual  acids  of  the  second  group  from 
individual  acids  of  the  first  group. 

Since  it  is  inconvenient  for  the  further  separation  of  the  acids 
of  the  second  group,  to  have  them  all  in  the  form  of  insoluble 
silver  compounds,  the  following  methods  are  preferred  to  that 
described  at  a.,  in  cases  where  we  have  to  separate  several  acids 
of  the  second  group  from  individual  acids  of  the  first  group. 

1.  Sulphuric  acid  maybe  separated  from  the  acids  of  the 
second  group,  by  the  method  described  at  §  131,  2,  with  this 
difference,  that  nitrate  of  barytes  is  substituted  for  chloride  of 
barium. 

2.  Phosphoric  acid  may  be  precipitated  by  means  pf  nitrate 
of  magnesia  in  conjunction  with  ammonia,  in  presence  of  nitrate 
of  ammonia,  (compare  §  101,  \.,h,)  The  filtrate  contains  the 
whole  of  the  acids  of  the  second  group. 
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3.  Oxalic  acid  may  bo  readily  removed  by  means  of  nitrate 
of  lime. 

4.  Sulphuretted  hydrogen  may  be  separated  from  the  acids 
of  the  first  group  by  means  of  nitrate  of  copper,  or  by  means  of  a 
solution  of  arsenious  acid  in  water. 


APPENDIX. 

The  various  sorts  of  liepar  aulphurU — which,  when  prepared  in 
the  humid  way,  or  at  a  feeble  heat  in  the  dry  way,  contain, 
besides  the  alkaline  sulphurets,  an  admixture  of  hyposulphites 
and  frequently  of  sulphates, — ^may  be  analysed  in  the  follow- 
ing manner.  The  solution  of  the  hepar  sulphuris  under  exa- 
mination is  introduced  into  a  flask,  provided  with  a  ground  stopper, 
and  solution  of  neutral  nitrate  of  zinc  added  in  excess ;  the  pre- 
cipitate which  forms  is  allowed  to  subside,  and  the  fluid  subse- 
quently filtered  off;  (the  operator  must  take  care  to  prevent  the 
access  of  air  as  much  as  possible  during  the  filtration) ;  the  pre- 
cipitate is  collected  upon  the  filter,  and  quickly  washed  with 
cold  water  which  has  previously  been  fireed  firom  air  by  ebulli- 
tion; the  proportion  of  sulphur  in  the  washed  precipitate  is 
finally  determined  according  to  §  111.  The  filtrate  is  mixed 
with  an  excess  of  highly  dilute  solution  of  nitrate  of  silver,  and  the 
mixture  subsequently  heated  for  some  time.  The  hyposulphurous 
acid  undergoes  decomposition  in  this  process,  the  one  half  of  it 
being  converted  into  sulphuric  acid,  at  the  expense  of  the  oxygen 
of  the  other  half,  and  moreover  of  the  oxygen  of  one  equivalent 
of  oxide  of  silver,  whilst  the  reduced  sulphur  combines  with  the 
reduced  silver  to  sulphuret  of  silver,  which  precipitates 

(KO,  S,  0,-hAgO,  NOJ=(KO,  SOa+AgS-fNO,), 
The  fluid  is  filtered  off  from  the  precipitated  sulphuret  of  silver, 
and  the  weight  of  the  latter  determined  as  directed  at  §  86  ;  the 

A  A 
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proportioii  of  sulphur  contained  in  this  is  finally  calculated ; 
the  resulting  figure  doubled  indicates  the  amount  of  sulphur 
originally  present  in  the  analysed  hepar  sulphuris,  in  the 
form  of  hyposulphurous  acid.  The  fluid  filtered  off  from  the 
sulphuret  of  silver  is  acted  upon  with  nitrate  of  barytes,  and  the 
precipitated  sulphuret  of  barytes  determined  as  directed  at  §  100. 
If  the  calculated  amount  of  sulphur  present  in  this  precipitate  is 
equal  to  that  contained  in  the  first  precipitated  sulphuret  of  silver, 
this  is  a  proof  that  the  analysed  hepar  sulphuris  contains  no 
sulphuric  acid.  If,  on  the  other  hand,  the  calculated  amount 
of  sulphur  in  the  sulphate  of  barytes  exceeds  the  proportion  of 
sulphur  present  in  the  sulphuret  of  silver,  this  is  a  proof  that  the 
analysed  substance  contains  sulphuric  acid ;  the  proportion  of 
the  latter  is  found,  in  such  cases,  by  calculating  the  difference 
upon  sulphuric  acid.  The  amount  of  the  alkali  is  determined 
in  a  separate  portion  of  the  solution  by  evaporating  this  in  con- 
junction with  sulphuric  acid. 

II.  Separation  of  the  acids  of  the  second  group  from  one 

ANOTHER. 

§   133. 
1.  Chlorine  from  bromine.  i 

a.  Direct  analysis. 

The  solution  under  examination  is  precipitated  with  nitrate  of  i 

silver,  (§§  107  and  108.)  The  precipitate  is  collected  upon  the 
filter,  washed^  dried,  and  heated  to  a  state  of  semifusion,  and 
subsequently  reduced  by  means  of  zinc,  in  conjunction  with  a 
little  dilute  sulphuric  acid ;  the  solution  of  bromide  and  chloride 
of  zinc  which  is  thus  produced  (and  which  contains  free  sulphuric 
acid)  is  precipitated  with  water  of  barytes  in  excess,  and  the  fluid 
filtered  off  from  the  mixed  precipitate  of  hydrated  oxide  of  zinc 
and  sulphate  of  barytes,  which  is  then  thoroughly  washed  upon 
the  filter.  The  filtrate  is  evaporated  to  dryness,  and  the  residue 
subsequently  treated  with  absolute  alcohol,  which  dissolves  the 
bromide  of  barium,  leaving  the  chloride  of  barium  intact.     The 


§  133.]       ACIDS    OF   SECOND    GROUP   FROM    EACH    OTHER.  355 

chlorine  and  bromine  are  now  respectively  determined  in  the  thus 
separated  barium  compounds,  according  to  the  directions  given 
at  §§  107  and  108.  (Henry.)     The  results  are  approximate. 

/3.  Indirect  analysis. 

Solution  of  nitrate  of  silver  is  added  to  the  solution  under 
examination,  and  the  mixed  precipitate  of  chloride  and  bromide 
of  silver  which  is  thus  obtained,  is  thoroughly  washed,  dried, 
fused,  and  most  accurately  weighed.  A  weighed  portion  of  it  is 
introduced  into  a  tared  bulbous  tube,*  and  heated  to  fusion  ;  the 
tube  is  then  allowed  to  cool,  and  weighed  when  perfectly  cold. 
A  slow  stream  of  pure  and  dry  chlorine  gas  is  now  transmitted 
through  the  tube,  and  the  contents  of  the  bulb  are  again  heated 
to  fusion ;  the  fused  mass  is  agitated  from  time  to  time.  After 
the  lapse  of  about  twenty  minutes,  the  tube  is  removed  from  the 
chlorine  apparatus,  allowed  to  cool,  held  obliquely  for  some  time,  to 
replace  the  chlorine  gas  by  atmospheric  air,  and  finally  weighed  ; 
the  contents  of  the  tube  are  then  again  heated  in  a  stream  of  chlo- 
rine gas,  for  the  space  of  about  ten  minutes,  and  subsequently  re- 
weighed.  If  the  results  of  the  two  last  weighings  agree,  the  pro- 
cess may  be  considered  concluded;  if  not,  the  operation  must  be 
repeated.  The  amount  of  bromine  originally  present  in  the  mixed 
precipitate  of  chloride  and  bromide  of  silver,  is  inferred  from  the 
diminution  of  weight  which  the  tube  exhibits  at  the  conclusion  of 
the  process.  For  the  mode  of  calculating  the  results,  vide  infra. 
2.  Chlorink  from  iodine. 

None  of  the  methods  which  were  formerly  pursued  to  effect  the 
separation  of  these  two  salt-radicals,  (separation  of  chloride  from 
iodide  of  silver,  by  means  of  ammonia,  or  precipitation  of  the 
iodine  by  means  of  solution  of  subchloride  of  copper  in  hydro- 
chloric acid,  or  by  means  of  a  mixed  solution  of  protosulphate  o 
iron  and  sulphate  of  copper,)  yield  accurate  results.  The  fol- 
lowing methods  have  completely  superseded  them. 

o.  Direct  analysis, 

♦  The  best  way  of  effecting  the  transfer  of  this  portion  from  the  crucible 
to  the  tube,  is  to  fuse  the  mass  again. 

A  A   2 
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aa.  The  iodine  is  precipitated  by  means  of  protonitrate  of  pal- 
ladium, (§  109);  the  chlorine  in  the  filtrate  is  precipitated  with 
nitrate  of  silver,  (§  107).  The  results  are  very  accurate.  This 
method  deserves  particular  commendation. 

hb.  The  solution  under  examination  is  mixed  mth  a  solution 
of  sulphate  of  copper  in  sulphurous  acid ;  this  re-agent  precipi- 
tates the  whole  of  the  iodine,  (present  in  the  form  of  hydriodic 
acid,  or  in  that  of  metallic  iodide^  whilst  the  whole  of  the  hydro- 
chloric acid  remains  in  solution.  The  fluid  is  filtered  off  from 
the  precipitate,  and  the  latter  collected  upon  the  filter,  and 
washed.  The  washed  precipitate  is  now  to  be  dried  at  248°,  and 
subsequently  weighed  at  once.  (Duflos.)  A  still  more  simple 
and  accurate  way  is,  to  dissolve  the  precipitate  in  very  dilute 
nitric  acid,  and  to  precipitate  the  solution  subsequently  with 
nitrate  of  silver.  {%  109.) 

p.  Indirect  analysis. 

The  method  described  at  1,  /3.  (Separation  of  chlorine  from  bro- 
mine, is  pursued).  The  results  are  still  more  accurate  here,  since 
the  difference  between  the  atomic  weight  of  chlorine  and  that  of 
iodine  is  far  more  considerable  than  that  between  the  respective 
atomic  weights  of  chlorine  and  bromine. 

3.  Chlorine,  bromine,  and  iodine  from  one  another. 

The  iodine  is  precipitated  from  the  mixed  solution  by  means  of 
protonitrate  of  palladium.  (§  109.)  The  chlorine  and  bromine  in 
the  filtrate  are  subsequently  precipitated  with  nitrate  of  silver, 
and  their  relative  proportions  determined  as  directed  at  1,  jS.  (Se- 
paration of  chlorine  from  bromine.) 

4.  Cyanogen  from  chlorine,   bromine,  or  iodine. 

a.  The  mixed  solution  under  examination  is  precipitated  with 
nitrate  of  silver ;  the  precipitate  is  collected  upon  a  tared  filter, 
washed,  and  subsequently  dried  in  the  water-bath  until  its  weight 
remains  constant ;  the  proportion  of  cyanogen  contained  in  it,  is 
then  determined  by  the  method  of  organic  elementary  analysis. 
The  proportion  of  the  chlorine,  bromine,  or  iodine  is  inferred  from 
the  difference. 
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p.  The  relatiye  proportions  of  hydrocyanio  and  hydrochloric 
acid  present  in  one  and  the  same  solution^  may  be  determined  also 
in  the  following  manner.  The  solation  is  divided  into  two  per- 
fectly equal  portions.  The  one  portion  is  precipitated  with  nitrate 
of  silver,  and  the  mixed  precipitate  of  cyanide  and  chloride  of 
silver  weighed ;  the  other  portion  is  mixed  with  peroxide  of  mer- 
cury and  the  mixture  agitated  until  perfectly  inodorous ;  the  fluid 
is  then  filtered  off,  the  filtrate  subsequently  precipitated  with 
nitrate  of  silver,  and  the  precipitate  weighed :  the  difference  between 
the  respective  weights  of  the  two  precipitates  indicates  the  amount 
of  cyanide  of  silver  contained  in  the  precipitate  of  the  first  portion. 
This  method  is  based  upon  the  circumstance,  that  percyanide  of 
mercury  is  not  decomposed  by  nitrate  of  silver. 

6.  Sulphuretted  hydrogen  from  the   salt-radi- 
cals. 

a.  The  solution  under  examination  contains  free  sulphuretted 
hydrogen  either  unth  free  hydriodiCyhydrobromiCy  or  hydrochloric 
acid,  or  a  metallic  iodide,  chloride^  or  bromide. 

The  solution  is  mixed  with  an  aqueous  solution  of  arsenious 
acid,  and  the  sulphur  in  the  precipitate  which  forms,  is  determined 
as  directed  at  §  111.     The  filtrate  contains  the  salt  radicals. 

p.  The  solution  contains  an  alkaline  sulphuret  in  conjunction 
with  metallic  bromides,  iodides,  or  chlorides. 

The  solution  under  examination  is  mixed  with  a  suffident 
amount  of  solution  of  arsenite  of  potass^  and  dilute  nitric  acid 
subsequently  added  in  moderate  excess ;  the  further  process  is 
conducted  as  directed  at  a.  I  need  hardly  remark  that  the  pre- 
cipitate of  sulpharsenious  acid  cannot  be  weighed  directly  in 
cases  where  the  sulphuret  originally  present  in  the  analysed  com- 
pound is  of  a  higher  degree  of  sulphuration  than  the  sulpharsenious 
acid.  In  such  cases  a  separate  determination  of  the  amount  of 
sulphur  contained  in  the  precipitate  is  indispensable. 
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THIRD    GROUP. 
NITRIC  ACID— CHLORIC   ACID. 

I.  Separation  of  the  acids  of  the  third  group  from 

THOSE   OF  the    two   FIRST   GROUPS. 

§  134. 

A  general  method  to  effect  the  separation  of  nitric  and  chloric 
acid  from  other  acids  can  hardly  be  attempted,  since  even  the 
simple  direct  determination  of  these  acids  is  attended  with  so 
many  difficulties ;  every  individual  case  may  in  fact  require  the 
application  of  a  different  and  particular  method.  In  many  cases, 
for  instance^  where  we  have  nitric  acid  mixed  with  another  acid,  it 
will  be  necessary  in  the  first  place  to  determine  the  joint  amount 
of  the  two  acids,  and  subsequently  the  separate  amount  of  the 
admixed  acid,  when  the  difference  between  the  latter  and  the 
former  will  express  the  proportion  of  the  nitric  acid ;  thus,  for 
instance,  to  analyze  a  mixture  of  sulphuric  acid  and  nitric  acid, 
the  joint  amount  of  the  two  acids  may  be  determined  by  evapo- 
rating the  fluid  in  conjunction  with  a  weighed  amount  of  oxide  of 
lead,  or  according  to  the  acidimetrical  method  described  at  §  112, 
and  the  amount  of  sulphuric  acid  may  then  be  separately  deter- 
mined in  a  fresh  portion  of  the  mixture,  by  means  of  T)arytes. 
In  other  cases,  the  removal  of  the  admixed  acid  may  be  effected 
by  means  of  a  weighed  amount  of  a  nitrate,  and  the  nitric  acid 
subsequently  determined  according  to  one  of  the  methods  de- 
scribed at  §  112  ;  thus,  for  instance,  from  a  mixture  of  a  nitrate 
with  a  metallic  chloride,  the  hydrocliloric  acid  may  be  precipitated 
and  removed  by  means  of  a  weighed  amount  of  nitrate  of  silver, 
Ac.  &c.  The  property  of  chlorates  to  be  converted  into  chlorides 
by  ignition,  furnishes  us  usually  with  a  means  to  effect  the  deter- 
mination of  the  amount  of  chloric  acid  present  in  a  compound 
wliich  contains  several  acids;  and  since  chloric  acid  forms  no 
insoluble  salts,  the  prcbcncc  of  chlorates  docs  not  iDtcrfcrc  witli 
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the  quantitative  determinatioii  of  the  other  acids.  The  estimation 
of  the  chloric  acid  present  in  a  mixed  compound  of  a  chlorate  and 
chloride^  is  to  be  effected  in  the  following  manner : — ^A  weighed 
portion  of  the  compound  under  examination  is  precipitated  with 
nitrate  of  silver^  and  the  precipitated  chloride  of  silver  accurately 
weighed ;  an  equal  portion  of  the  substance  is  ignited,  the  residue 
redissolved,  and  the  solution  precipitated  with  nitrate  of  silver; 
this  precipitate  is  likewise  accurately  weighed,  and  the  amount  of 
chloric  acid  is  finally  calculated  from  the  difference  between  the 
respective  weight  of  the  two  precipitates. 

II.    Separation   of  the  acids  of  the  third  group  from 
ONE  another. 

We  have  as  yet  no  method  to  effect  the  direct  separation  of  nitric 
acid  from  chloric  acid ;  these  two  acids  must  accordingly  be  deter- 
mined indirectly.  It  is  impossible  to  lay  down  any  general  in- 
struction or  rules  as  to  the  selection  of  the  most  appropriate 
method  in  every  individual  case. 


APPENDIX   TO   THE   SECOND  PART  OF  THE  FIFTH 

SECTION. 

L 

ALKALIMETRY. 

It  is  well  known  that  the  potash  and  soda  of  commerce  consist 
of  a  mixture  of  alkaline  carbonate  with  a  number  of  other  salts. 
The  commercial  value  of  potash  and  soda  depends  entirely  upon 
the  proportional  amount  of  carbonated  (or  caustic)  alkali  which 
they  contain,  the  admixed  salts  being  of  no  value  to  the  pur- 
chaser.    Now,  as  the  proportion  of  these  admixed  salts  is  exceed- 
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ingly  variable,  it  will  be  readily  conceived  that,  to  estimate  the 
value  of  any  of  the  samples  of  potash  or  soda  which  may  occur  in 
commerce,  it  is  necessary  to  ascertain  the  proportional  amount  of 
carbonated  (or  caustic)  alkali  which  they  respectively  contain. 
The  methods  which  serve  to  determine  the  value  of  potash  and 
soda  in  this  respect,  are  called  individually  afta/im^/wa/  methods, 
and  collectively  "  alkalimetry/'  I  will  describe  here  two  me- 
thods of  alkalimetry,  which  are  respectively  based  upon  essentially 
different  principles ;  the  one  of  these  methods  is  of  more  expe- 
ditious execution,  the  other  yields  more  accurate  results.  (Com- 
pare experiments,  sub.  No.  67.) 

§  135. 
A.    Alkalimetrical  method  of  Descroizilles  and  Gay- 

Ldssac. 

1.  The  following  is  the  principle  of  this  method  :  1  equivalent 
of  potass  or  soda  requires  one  equivalent  of  sulphuric  acid  to  form 
a  neutral  salt;  that  is,  in  other  terms,  588.94  parts  of  potass,  or 
390.9  parts  of  soda  require  500.00  parts  of  anhydrous,  or  612.50 
parts  of  hydrated  sulphuric  acid. 

Accordingly,  if  the  quantity  of  sulphuric  acid  required  to  satu- 
rate an  unknown  amount  of  caustic  or  carbonated  potass  or  soda, 
be  known,  the  quantity  of  the  alkalies  may  be  readily  ascertained 
by  simple  calculation ;  and,  on  the  other  hand,  if  the  quantity 
of  caustic  or  carbonated  alkali  required  to  saturate  an  unknown 
amount  of  sulphuric  acid  be  known,  the  amount  of  the  acid  may 
be  readily  calculated  from  this. 

2.  The  sulphuric  acid  cannot  be  used  in  the  anhydrous  state, 
nor  as  pure  hydrate,  but  must  be  diluted  with  water.  Dilute  sul- 
-phuric  acid  of  determinate  strength  may  be  procured  in  two  ways ; 
\iz, 

a.  A  weighed  amount  of  pure  hydrated  sulphuric  acid  is  mixed 
with  a  weighed  amount  of  water. 

b.  The  saturating  capacity  of  a  given  dilute  sulphuric  acid  is 
determined  by  ascertaining  how  much  of  the  acid  is  required  to 
neutralize  a  definite  amount  of  potass  or  soda. 
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To  the  meibod  a,  (Oay-Lussac's)  there  is  this  objection,  that 
it  is  difficult  to  prepare  perfectly  pure  hydrated  sulphuric  acid. — 
The  method  b,  (Otto's)  yields  at  the  least  equally  accurate  re- 
sults, and  has  moreover  this  advantage  over  a.,  that  the  sulphuric 
acid  of  commerce  may  be  used  at  once,  without  any  further  pre- 
paration. I  prefer  Otto's  method  decidedly  to  that  of  Oay- 
Lussac. 

3.  The  amount  of  sulphuric  acid  used  in  this  process  may  be 
ascertained  either  by  weighing,  or  by  measuring.  The  latter  way 
is  universally  adopted,  since  it  admits  of  a  more  expeditious 
execution  than  the  former.  The  graduated  glass  measure  illus- 
trated by  Fig.  44  is  the  most  appropriate  instrument  to  effect  this 
purpose. 

PLATB44  To  make  this  ingenious  instrument  less  fragile,  the 
interval  between  the  graduated  tube  and  the  effusion  tube 
may  be  filled  with  wax,  somewhat  below  the  upper  bend 
of  the  latter,  and  a  piece  of  fine  wire  subsequently  tied 
round  this  part  of  the  instrument. — The  measure  glasses, 
which  are  manufactured  at  Paris  or  upon  the  Paris  model, 
are  graduated  in  such  a  manner  that  every  degree,  i.  e.  the 
interval  between  every  two  divisional  lines,  corresponds 
to  J  cubic  centimeter ; — 8  drops  form  the  average  amount 
KiJ  of  every  degree. 
Were  it  intended  to  draw  up  a  calculation  after  every  expe- 
riment, it  would  simply  be  necessary  to  know  the  exact  pro- 
portion which  the  dilute  acid  bears  to  the  alkalies,  and  thus, 
for  instance,  to  know  that  97  cubic  centimeters  of  the  acid  satu- 
rate 4.5  grammes  of  carbonate  of  soda; — if  it  were  now  found 
that  6.7  grammes  of  a  given  sort  of  soda  require  85  cubic  centi- 
meters of  the  acid  for  their  saturation,  the  proportion  of  the  carbo- 
nate of  soda  contained  in  the  analyzed  article,  would  at  once 
result  from  the  following  equation  : 

97     :     4.5     :  :     85     :     X     =     8.94 
The  6.7  grammes  of  the  analyzed  soda  would  accordingly  con- 
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tain  3.94  grammes  of  pure  carbonate  of  soda^  that  is,  58.8  in 
every  1 00  parts.  But  even  this  simple  calculation  may  be  saved 
by  preparing  at  once  a  stock  of  test  acid  of  a  definite  saturating 
capacity. 

4.  For  instance^  let  us  prepare  an  acid  of  which  100  volumes 
are  required  to  saturate  a  certain  definite  amount,  say  5  grammes 
of  potass ;  now  it  is  evident  that,  if  we  mix  the  potass  with  an 
equal  weight  of  a  neutral  substance,  e.  g.  chloride  of  sodium,  and 
weigh  off  5  grammes  of  the  mixture,  the  saturation  of  these 
5  grammes  will  require  only  50  volumes  of  our  test  acid,  and 
accordingly  that  the  number  of  volumes  required  will  directly 
indicate  the  percental  proportion  of  potass  contained  in  the 
mixture. 

5.  A  test  acid  of  this  kind  is  prepared  most  simply  in  the  fol- 
lowing way : 

a.  About  70  grammes  of  sulphuric  acid  are  mixed  with  600 
grammes  of  water,  and  the  mixture  is  allowed  to  cool. 

h.  5  grammes  of  anhydrous  pure  carbonate  of  soda  are  accu- 
rately  weighed  off',  introduced  into  a  beaker-glass,  and 
dissolved  in  hot  water ;  the  solution  is  colored  blue,  with  a 
little  tincture  of  litmus. 

c.  The  graduated  tube  is  filled  up  to  0.  with  the  cold  dilute 
acid,  and  this  is  subsequently  dropped  from  the  measure 
into  the  solution  of  soda,  until  the  latter  is  saturated. 
(Vide  infra.)  The  number  of  volumes  required  to  effect 
this  object  is  accurately  noted. 

d.  The  rest  of  the  acid  is  now  mixed  with  an  amount  of 
water  exactly  sufficient  to  raise  the  number  of  volumes 
found  in  c.  to  100.  Thus,  for  instance,  suppose  you  find 
that  75  volumes  of  your  acid  are  required  to  saturate 
5  grammes  of  carbonate  of  soda,  you  will  have  to  add  25 
volumes  of  water  to  every  75  volumes  of  the  acid.  The 
best  way  of  effecting  this  object,  is  to  measure  the  whole 
of  the  remaining  acid  in  a  larger  measure- glass,  to  calcu- 
late from  the  measured  quantity  of  the  acid,  the  amount 
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of  water  required,  to  measure  off  the  required  portion  of  the  latter 
fluid,  and  to  add  this  finally  to  the  acid. 

The  80  prepared  test- acid  is  kept  in  well-closed  vessels.  It 
serves  for  the  examination  of  all  alkaline  fluids,  and  indicates  the 
proportional  amount  of  caustic  or  carhonated  alkali  which  they 
contain,  directly  in  percents,  provided  the  experiment  be  made 
upon  a  weighed  amount  of  the  fluid  equivalent  to  5  grammes  of 
carbonate  of  soda. 

6.  These  equivalent  proportions  may  be  seen  from  the  following 
table : 

100  volumes  of  test-acid  saturate  5.000  fj^ramnies  of  carbonate  of  soda. 
100  „  „  2.935  „  soda. 

100  „  „  6.487  „         carbonate  of  potass. 

100  „  „  4.421  „  potass. 

Accordingly,  if  we  take  6.487  grammes  of  a  given  sample  of 
potash  which  we  wish  to  analyze,  the  number  of  volumes  of  the 
test-acid  required  for  the  saturation  of  these  6.487  grammes,  is 
directly  indicative  of  the  proportional  amount  of  carbonate  of 
potass  present — if  we  take  4.421  grammes,  the  number  of  volumes 
of  our  testracid  required  for  the  saturation  of  these  4.421  grammes, 
indicates  at  once,  and  without  any  further  calculation,  the  pro- 
portion of  anhydrous  caustic  potass  contained  in  the  analyzed 
sample,  &c.  &c. 

When  we  have  to  examine  substances  poor  in  caustic  or  car- 
bonated alkalies,  it  is  preferable  to  take  a  multiple  of  the  above 
figures ;  for  instance,  the  double,  triple,  &c. ;  and  to  divide 
subsequently  the  number  of  volumes  of  tlie  test- acid  required  in 
the  process,  by  the  corresponding  figures,  (2,  3,  10,  &c.) 

7.  The  following  points  require  particular  attention  in  the 
execution  of  the  process  : 

a.  The  measure-  tube  must  be  correctly  and  accurately  gra- 
duated. (§11.) 

b.  The  operator  must  take  care  to  read  the  volume  of  the 
test-acid  used,  correctly  off.    (§  12.) 
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c.  The  tincture  of  litmus  must  not  in  itself  contain  a  large 
portion  of  free  alkali ;  should  this  be  the  case^  the  £ree 
alkali  is  to  be  neutralized  first  in  a  great  measure,  by 
means  of  highly  dilute  sulphuric  acid. 

d.  The  point  of  saturation,  or  rather  of  commencing  super- 
saturation,  must  be  noted  with  the  greatest  accuracy. — 
Caustic  alkalies  offer  no  difficulty  in  this  respect,  but 
when  we  have  to  deal  with  alkaline  carbonates,  the  li- 
berated carbonic  acid  renders  the  attainment  of  this 
object  a  matter  of  some  difficulty,  and  diminishes  the 
accuracy  of  the  results.  —  To  promote  the  evolution 
of  the  carbonic  acid,  the  potash  or  soda  are  dissolved 
in  hot  water,  and  the  test-acid  is  added  until  the  color 
of  the  solution  appears  wine-red;  the  test-acid  is  then 
added  more  cautiously,  and  finally  by  2  and  2  drops, 
(about  J  of  a  volume.)  To  decide  whether  the  red  colora- 
tion proceeds  from  the  sulphuric  acid,  or  from  the  libe- 
rated carbonic  acid,  a  glass  rod  is  dipped  into  the  fluid, 
and  subsequently  drawn  across  a  slip  of  litmus  paper; 
and  the  same  process  is  repeated  while  the  addition 
of  the  test  acid  by  2  and  2  drops  is  continued.  If  the  red 
coloration  proceeds  from  the  sulphuric  acid,  the  red  streaks 
will  remain  visible  upon  the  paper  when  dry,  whilst  they 
will  completely  disappear  upon  drying,  if  arising  firom  the 
action  of  carbonic  acid  upon  the  test-paper.  The  number  of 
red  streaks  which  are  counted  upon  the  litmus  paper  after 
drying,  indicate  the  numbers  of  quarters  of  a  volume  added 
in  excess;— to  this  number  is  to  be  added  one  quarter  of 
a  volume  for  the  free  alkali  calculated  to  exist  in  the 
litmus  tincture ;  and  the  sum  total  is  finally  to  be  sub- 
tracted from  the  number  of  volumes  of  the  test-acid  used 
in  the  process. 
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8.  Practical  application  of  the  method  for  the 

examination  of  commercial  potash. 
The  various  sorts  of  potash  of  commerce  contain^  besides  car*' 
bonate  of  potass, 

a.  Neutral  salts  (e.  g.  sulphate  of  potass^  chloride  of  potas- 
sium). 

b.  Salts  with  alkaline  reaction  (e.  g.  silicate  of  potass,  phos- 
phate of  potass). 

c.  Constituents  insoluble  in  watef,  viz.,  carbonate^  phosphate, 
and  silicate  of  lime,  &c. 

The  salts  mentioned  sub.  a.  are  without  influence  upon  the 
results  of  the  examination,  but  not  so  those  enumerated  sub.  b. 
and  c. ;  the  latter  may  be  removed,  however,  by  simple  solution 
and  subsequent  filtration.  Sut  the  admixture  of  salts  with  alka- 
line reaction  forms  on  irremediable  source  of  error. 

The  process  is  conducted  as  follows :  6.487  grammes  of  the 
potash  under  examination  are  weighed  off,  and  dissolved  in  hot 
water ;  the  solution  is  subsequently  filtered,  if  necessary ;  the  alka- 
Ihneter  is  then  filled  up  to  0.  with  the  test  acid,  and  the  further 
operation  conducted  as  directed  above.  Should  the  operator  be 
desirous  to  ascertain  whether  the  potash  contains,  besides  ex- 
traneous salts,  an  admixture  of  water,  he  mast  determine  this 
point  before  he  proceeds  to  the  alkalimetrical  examination. 

9.  Practical  application  of  the  method  for  the 

examination  of  commercial  soda. 

The  soda  of  commerce,  prepared  according  to  Leblanc's  me- 
thod, contains,  besides  carbonate  of  soda,  invariably,  or  at  least 
generally. 

Sulphate  of  soda. 

Chloride  of  sodium. 

Sulphuret  of  sodium. 

Basic  silicate  of  soda. 

Hydrate  of  soda. 

Hyposulphite  of  soda, 
and  sometimes 

Sulphite  of  soda. 
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Of  these  admixtures,  the  sulphuret  of  sodium,  silicate,  sulphite, 
and  hyposulphite  of  soda,  impede  the  examination  considerably, 
and  interfere  more  or  less  with  the  accuracy  of  the  results. 

This  source  of  error  may  he  in  some  measure  remedied  by  ig- 
niting the  soda  under  examination  in  conjunction  with  chlorate 
of  potass;  since  this  process  effects  the  transformation  of  the 
sulphuret  of  sodium  and  of  the  hyposulphite  and  sulphite  of  soda 
into  sulphate  of  soda.  If  hyposulphite  of  soda  be  present,  how- 
ever, this  process  will  creatat  a  fresh  source  of  error,  since  this 
salt,  upon  its  conversion  into  sulphate,  decomposes  one  equivalent 
of  carbonate  of  soda,  and  expels  its  carbonic  acid. 

[Na  O,  S,  0,-f4  O   (from  the  chlorate   of  potass) 
-f  NaO,  C  0,=2  (Na  0,  S  03)  +  C  O,.] 

Accordingly,  before  proceeding  to  the  application  of  Gay 
Lussac's  test  method,  it  is  necessary,  in  the  first  place,  to  ascer- 
tain by  a  preliminary  examination,  whether  the  soda  which  it  is 
intended  to  examine  does  or  does  not  contain  an  admixture  of 
the  above  enumerated  salts  which  may  interfere  with  the  accuracy 
of  the  results.    This  object  may  be  effected  most  simply  as  follows. 

a.  The  sample  under  examination  is  mixed  with  sulphuric 
acid.  The  odor  of  sulphuretted  hydrogen  indicates  the  presence 
oi  sulphuret  of  sodium, 

b.  Dilute  sulphuric  acid  is  colored  with  a  drop  of  solution  of 
chromate  of  potass,  and  a  portion  of  the  sample  under  examina- 
tion added,  but  not  sufficient  to  saturate  the  acid.  If  the  solu- 
tion remains  of  a  red  yellow,  this  may  be  considered  a  proof  of 
the  absence  of  sulphite  or  hyposulphite  of  soda.  Should  it  turn 
green,  on  the  contrary,  this  is  a  sure  sign  of  the  presence  of 
either  of  these  salts. 

c.  Whether  the  green  coloration  of  the  solution  in  h,  proceeds 
from  sulphite  or  hyposulphite  of  soda,  is  ascertained  by  super- 
saturating a  clear  solution  of  the  sample  under  examination,  with 
hydrochloric  acid.  If  the  solution,  after  the  lapse  of  some  time, 
becomes  turbid,  owing  to  the  separation  of  sulphur,  (exhaling  at  the 
same  time  the  odor  of  sulphurous  acid,)  this  may  be  looked  upon 
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as  a  certain  proof  of  the  presence  of  hyposulphite  of  soda ;  the 
solution  may  however,  besides  the  hyposulphite,  contain  also 
sulphite  of  soda. 

B.  Alkalimetry  according  to  fresenius  and  will.* 
§  136. 

The  principle  of  this  method  is  to  calculate  the  proportion  of 
carbonated  alkali  contained  in  the  various  sorts  of  potash  and 
soda  of  commerce  from  the  amount  of  carbonic  acid  which  they 
contain.  It  is  necessary  for  the  application  of  this  method  that 
the  whole  of  the  alkali,  in  which  the  commercial  value  of  the 
articles  in  question  consists,  be  present  in  the  form  of  a  neutral 
carbonate ;  and,  moreover,  that  besides  this  no  other  carbonate 
be  present.  Should  the  potash  or  soda  under  examination  fail 
to  satisfy  these  conditions,  their  accomplishment  must  be  effected 
in  the  appropriate  manner. 

The  determination  of  the  carbonic  acid  is  effected  according  to 
§  105,  II.,  b,,  p.,  aa.  The  flasks  of  the  apparatus  illustrated  by 
Plate  XXXIV .  should  not  be  selected  of  too  small  a  size ;  a  should 
have  a  capacity  of  from  two  to  two  ounces  and  a  half;  b  should 
hold  from  one  ounce  and  a  half  to  two  ounces.  It  is  always 
advisable,  although  not  absolutely  necessary  to  determine  in  the 
first  place,  the  amount  of  water  contained  in  the  sample  under 
examination  before  proceeding  to  effect  the  determination  of 
the  carbonic  acid.' 

1.  Examination  of  potash. 

a.  Determination  of  the  water. 

A  small  sheet  iron  basin  of  about  two  inches  in  diameter,  and 
provided  with  a  somewhat  loosely  fitting  cover,  is  placed  upon 
the  one  scale  of  a  balance,  and  a  ten  grammes  weight  put  upon 
the  same  scale;  the  balance  is  then  accurately  equipoised  by 
means  of  small  shot,  &c. ;  samples  of  the  potash  under  examina- 
tion are  then  taken  from  different  parts  of  the  mass,  and  quickly 

*  New  Methods  of  Alkalimetry,  &c.,  by  Drs.  C.  R.  Fresenius  and 
H.  Will,  edited  by  Lbyd  Bullock.   l2mo.    London  :  Taylor  and  Walton. 
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levigated  in  a  dry  mortar;  the  ten  grammes  weight  is  now 
removed  firom  the  scale^  and  the  potash  powder  projected  into 
the  hasin  until  the  original  equilihrium  is  perfectly  restored. 

We  have  now  in  the  basin  exactly  ten  grammes  of  the  potash 
sample.  A  gentle  heat  is  then  applied  to  the  basin  ontil  the 
whole  of  the  water  present  is  expelled,  which  may  be  ascertained 
by  holding  a  glass  plate  over  the  open  basin  and  observing 
whether  any  aqueous  vapor  condenses  upon  it  or  not.  The 
basin  is  then  covered,  allowed  to  cool,  and,  when  cold,  replaced 
upon  the  balance;  the  equilibrium  is  restored  by  additional 
weights.  The  number  of  decigrammes  required  to  restore  the 
equilibrium  indicates  directly  the  amount  of  water  present  in 
every  one  hundred  parts  of  the  examined  potash.  (A  porcelain 
crucible  provided  with  a  lid  may  be  substituted  for  the  iron  basin). 

b.  Determination  of  the  carbonic  acid. 

6.283  grammes  of  the  anhydrous  residue  of  a.  are  weighed 
off,  and  the  amount  of  carbonic  acid  contained  in  them  is  deter- 
mined according  to  §  105,  II.,  d.,  )8.,  aa.  The  amount  of  car- 
bonate of  polass  contained  in  the  analysed  potash  is  found 
directly  by  simply  dividing  by  2  the  number  of  centigrammes 
of  carbonic  acid  evolved.  Thus,  let  us  suppose,  that  6.288 
grammes  of  potash  yield  1.80  grammes  of  carbonic  acid,  the 
examined  potash  will  contain  ^=90  per  cent,  of  carbonate  of 
potass. 

Should  the  potash  contain  an  admixture  of  carbonate  of  lime — 
(which  is  but  very  rarely  the  case) — the  sample  is  to  be  dissolved 
in  water,  the  solution  filtered,  and  the  filtrate  concentrated  by 
evaporation,  and  finally  treated  according  to  the  directions  of  h. 
Potash  which  contains  admixtures  of  sulphuret  of  potassium  and 
caustic  potass  is  treated  like  soda  under  analogous  circum- 
stances.   (Vide  2.) 

2.  Examination  of  soda. 

The  general  method  is  the  same  with  that  applied  for  the 
examination  of  potash.  4.84  grammes  of  the  anhydrous  residue 
are  to  be  weighed  off,  if  the  operator  wishes  to  find  the  percentage 
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amount  of  carbonate  of  soda  contained  in  the  analysed  BubstancCi 
by  simply  dividing  by  2  the  number  of  centigrammes  of  car- 
bonic acid  evolved. 

Should  the  soda  under  examination  contain  an  admixture  of 
sulphuret  of  sodium,  sulphite  or  hyposulphite  of  soda,  the  com-* 
mon  process  of  determining  the  carbonic  acid  would  give  risd 
to  the  disengagement  of  sulphuretted  hydrogen  or  sulphurous 
acid,  which  would  of  course  add  to  the  amount  of  the  car- 
bonic acid.  This  may  be  readily  remedied  by  adding  to  the 
eolution  of  the  soda  in  a  a  small  amount  of  solution  of  neutral 
chromate  of  potass,  since  this  will  effect  the  decomposition  of  the 
sulphuretted  hydrogen  or  sulphurous  acid,  and  the  products  of 
this  decomposition  being  non-volatile,  the  carbonic  acid  will  now 
escape  without  the  slightest  admixture.  Since  most  sorts  of  soda 
of  commerce  contain  admixtures  of  sulphuret  of  sodium,  sulphite 
or  hyposulphite  of  soda,  and  since  it  is  far  more  simple  to  add 
at  once  some  chromate  of  potass  to  the  soda  solution  than  to 
ascertain  first  whether  either  of  the  three  salts  be  present  or  not, 
it  is  advisable  to  make  the  addition  of  some  chromate  of  potass 
an  invariable  rule  in  the  examination  of  soda. 

Should  the  soda  under  examination  contain  an  admixture  of 
caustic  soda,  which  may  be  detected  by  the  alkaline  reaction 
which  the  solution  of  the  sample  manifests,  after  the  addition  of 
chloride  of  barium  in  excess,  the  following  modification  of  the 
common  method  is  to  be  adopted. 

a.  Determination  of  the  v^ater. 

This  is  effected  in  the  usual  manner.  (Vide  1,  a.  Examination 
of  potash.) 

b.  Determination  OF  the  carbonic  acid. 

^.84  grammes  of  the  anhydrous  residue  of  a  are  weighed  off 
and  triturated  in  a  mortar  with  fi-om  three  to  four  parts  of  pure 
quartz  sand,  and  about  one-third  part  of  carbonate  of  ammonia  in 
powder;  the  mixture  is  transferred  to  a  small  iron  basin,  and 
the  mortar  rinsed  with  sand,  which  is  also  transferred  to 
the    basin.     The  whole  mass  is  then  moistened  with  as  much 

B    B 
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water  as  it  can  imbibe,  allowed  to  stand  for  a  little  while,  and 
subsequently  gently  heated  until  the  whole  of  the  water  is 
expelled  again.  The  residue  will  contain  no  longer  the 
slightest  trace  of  carbonate  of  ammonia.  Should  the  soda  under 
examination  contain  sulphuret  of  sodium  besides  caustic  soda, 
solution  of  caustic  ammonia  is  to  be  substituted  for  the  water, 
to  effect  the  reduction  of  the  sesqui-carbonate  of  ammonia  to 
neutral  carbonate ;  otherwise  sulphuret  of  ammonium  would  be 
evolved,  and  part  of  the  sulphuret  of  sodium  would  be  transformed 
into  carbonate  of  soda* 

The  mass,  when  cold,  is  transferred  from  the  basin  to  the  flask 
A — (this  may  be  readily  effected  by  the  aid  of  a  blunt  knife) — 
the  basin  is  rinsed  with  a  little  water,  which  is  then  likewise 
poured  into  a.  The  rest  of  the  process  is  conducted  in  the  usual 
way.  The  admixture  of  sand  in  this  process  is  intended  to  pre- 
vent the  lumping  of  the  mass,  and  also  the  spitting  and  spirting 
which  would  otherwise  attend  the  expulsion  of  the  water,  unless 
the  greatest  caution  were  used  in  the  process  of  heating ;  more- 
over, the  perfect  removal  of  the  dried  mass  would  be  rather  a  diffi- 
cult task  without  the  sand. 

The  latter  operation  may  be  still  more  facilitated  by  coating 
the  inside  of  the  basin  with  sand,  previously  to  the  introduction 
of  the  mixture ;  this  is  effected  most  simply  by  moistening  the 
inner  walls  and  bottom  of  the  basin  with  water,  throwing  a  hand- 
ful of  sand  into  it,  and  shaking  the  superfluous  quantity  out 
again. 

3.  Determination  of  the  caustic  alkali  which  com- 

mercdu:.  potash  and  soda  may  contain  in  admix- 

ture  with  the  carbonate. 
Two  portions,  of  6.283  grammes  each,  of  the  anhydrous  residue 
of  the  potash  sample  or,  of  4.84  grammes  each,  of  the  anhydrous 
residue  of  the  soda  sample  are  weighed  off,  and  the  carbonio  add 
is  determined  in  the  one  portion  directly,  ond  in  the  other  aftar 
previous  treatment  with  carbonate  of  ammonia,  (vide  2,  b.)  The 
number  of  centigrammes  of  the  carbonic  acid  evolved  from  thd 
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latter  portion,  divided  by  fl,  gives  the  joint  per  centage  amount 
of  carbonated  and  pure  alkali  (expressed  as  carbonate).  The 
number  of  centigrammes  of  the  carbonic  acid  evolved  from  the 
first  portion,  divided  by  2,  gives  the  per  centage  amount  of  the 
carbonated  alkali.  The  difference  between  the  two  figures  indi- 
cates accordingly  the  quantity  of  carbonated  alkali  which  was 
originally  present  in  the  examined  potash  or  soda,  in  the  form  of 
caustic  alkali.  The  corresponding  quantities  of  potass  or  soda 
are  found  most  readily  by  multiplying  this  difference  with  0.681 7 
in  the  case  of  potass,  and  with  0.5866  in  the  case  of  soda. 

II.  Chlobimetry. 
§  137. 

The  chloride  of  lime,  or  bleaching  powder  of  commerce,  is  a 
mixture  of  hydrate  of  lime  with  hypochlorite  of  lime  and  chloride 
of  calcium ;  the  normal  chloride  of  lime  contains  the  two  latter 
constituents  in  equal  proportions.  The  action  of  an  acid  upon 
chloride  of  lime  effects  the  liberation  of  the  whole  of  the  chlorine 
present. 

Ca  O,  CI  0  +  Oa  Cl+2  S  0,=2  Ca  O,  S  0,  +  2  CI. 

The  bleaching  powder  of  commerce  varies  exceedingly  in  the  pro- 
portional amount  of  chlorine  which  it  yields  when  treated  with  acids. 
Now,  as  the  commercial  value  of  this  article,  which  is  manufac- 
tured on  an  immense  scale,  depends  entirely  upon  the  proportional 
amount  of  chlorine  which  it  contains,  it  was  very  natural  that 
chemists  should  endeavour  to  devise  some  simple  method  to  de- 
termine the  available  amount  of  chlorine  present  in  any  given 
sample  of  bleaching  powder.  The  various  methods  proposed  with 
the  view  of  effecting  their  object  have  collectively  received  the 
name  of  "  Chlorimetry.*' 

I  will  here  describe  three  different  methods  which  yield  equally 
satisfactory  results.  These  methods  are  valuable  not  simply  in  a 
commercial,  but  also  in  a  purely  scientific  point  of  view,  since  they 
will  serve  to  determine  with  great  accuracy  the  amount  of  free 
ehlorine  present  in  a  given  fluid. 

H    B    2 
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A.    Method    of    determining  %the    amount    of    available 

CHLORINE  BY  MEANS  OF  iPROTOCHLORIDE   OF   MERCURY.       (After 

Marozeau  and  Gay-Lussac,  slightly  modified.) 

1.  This  method  is  based  upon  the  circumstanee  that  one  eqni* 
valent  of  chlorine  converts  one  equivalent  of  protochloride  of 
mercury  into  perchloride. 

Hg,  Cl  +  Cl=2HgCl. 

2.  It  follows  accordingly  that  the  amount  of  protochloride  of 
mercury  converted  into  perchloride  indicates  at  once  the  amount 
of  chlorine  which  has  served  to  efiect  this  conversion.  If  we 
take,  therefore,  a  fluid  which  holds  a  known  quantity  of  proto- 
chloride of  mercury  in  suspension,  and  add  to  it  solution  of 
chlorine  until  the  whole  of  the  protochloride  of  mercury  is  dis- 
solved as  perchloride,  we  know  at  once  the  proportion  of  chlorine 
contained  in  the  solution  which  has  served  to  effect  this  convei'* 
fiion. 

8.  The  most  simple  and  accurate  method  of  preparing  a  fluid 
holding  in  suspension  a  definite  and  known  amount  of  proto- 
chloride of  mercury,  is  based  upon  the  following  principle. 

a.  2945  parts  of  protochloride  of  mercury  require  443  parts  of 
chlorine  to  be  converted  into  perchloride. 

b.  734  parts  of  chloride  of  sodium  are  required  to  form  294$ 
parts  of  protochloride  of  mercury. 

c.  734  parts  of  chloride  of  sodium  (the  chlorine  being  trans- 
ferred to  protoxide  of  mercury)  correspond  accordingly  to  443 
parts  of  chlorine,  or,  what  comes  to  the  same  point,  165.7  parts 
of  chloride  of  sodium  correspond  to  100  parts  of  chlorine. 

d.  Now  if  1.657  grammes  of  chloride  of  sodium  be  weighed 
off  and  dissolved,  and  solution  of  protonitrate  of  mercury  be 
carefully  added  until  the  formation  of  a  precipitate  ceases, 
the  quantity  of  the  solution  of  protoxide  of  mercury  will  exactly 
correspond  to  1.657  gramme  of  common  salt,  or  1.00  gramma 
of  chlorine ;  if  another  quantity  of  the  solution  of  protonitrate 
of  mercury,  of  exactly  the  same  volume  as  the  amount  used  in 
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the  process^  be  now  mixed  with  water  until  the  whole  volume 
corresponds  to  100  volumes  of  any  accurately  graduated  glass  mea- 
sure, a  fluid  will  be  produced  of  which  every  volume  contains 
exactly  as  much  protoxide^  or,  if  the  solution  be  previously  pre- 
cipitated with  common  salt,  protochloiide  of  mercury,  as  will  be 
converted  respectively  into  peroxide  and  perchloride,  by  0.01 
gramme  of  chlorine. 

4.  Preparation  of  a  solution  of  protoxide  of  mercury  of  known 
and  definite  amount. 

According  to  the  principle  developed  in  8,  a  solution  of  this 
kind  is  best  prepared  as  follows : 

a,  5  grammes  of  chemically  pure  ignited  chloride  of  sodium 
are  weighed  o£f,  and  dissolved  in  water;  the  solution  is  poured 
into  a  measure-glass^  and  as  much  water  added  as  will  make  the 
volume  of  the  whole  fluid  correspond  to  400  volumes  of  the 
graduated  dropping- tube,  illustrated  by  Plate  XLIY. 

h,  50  volumes  (or  less  or  more  according  to  the  degree  of  con- 
centration of  the  fluid)  of  a  solution  of  protonitrate  of  mer- 
cury^ are  measured  off  by  means  of  a  graduated  syphon^  of  which 
the  scale  corresponds  exactly  with  that  of  the  dropping-tube ;  this 
measured  portion  of  the  solution  is  poured  into  an  eight-ounce 
bottle,  provided  with  a  glass  stopper,  and  is  then  finally  diluted 
with  water  until  the  weight  of  the  whole  liquid  is  about  five  ounces. 

c.  The  graduated  dropping-glass  is  now  filled  with  the  solu- 
tion of  chloride  of  sodium  of  a.,  and  the  latter  is  then  cautiously 
add6d  to  the  solution  of  the  protonitrate  of  mercury  (d.)  until 
the  last  drop  added  ceases  to  produce  a  precipitate.  The  bottle  is  to 
be  placed  in  hot  water  during  this  operation^  and  agitated  after 
every  firesh  addition  of  solution  of  chloride  of  sodium,  in  order  to 
promote  the  subsidence  of  the  precipitate.  Should  the  operator 
happen  to  add  an  excess  of  chloride  of  sodium,  which  will  some- 
time^ occur,  he  need  simply  add  a  few  more  volumes  of  the  solution 
of  protonitrate  of  mercury,  and  be  more  careful  in  the  renewed 
addition  of  the  chloride  of  sodium  solution. 

d.  The  measures  of  the  chloride  of  sodium  solution  which  have 
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been  used  in  this  process^  are  aocnrately  read  off,  and  the  amoimt 
of  solution  of  meroury  whioh  oonresponds  to  1.667  gramme  of 
oommon  salt,  is  calculated  from  the  resulting  figure.  Thus,  for 
instance,  let  us  suppose  that  80  yolumes  of  the  solution  of 
chloride  of  sodium  have  been  required  for  the  precipitation  of  50 
volumes  of  the  solution  of  protonitrate  of  mercury  :  the  calcular 
tion  would  proceed  as  follows : 

a.  400  volumes  of  solution  of  Na  CI :  6  grammes  of  Na  Gl : :  80 
volumes  :  x — x=i  gramme; 

p.  1  gramme  of  Na  Gl :  00  volumes  of  solution  of  protonitrate 
of  mercury  ::  1.667  of  common  salt :  x — ^x=82.86;  which 
means  that  82.86  volumes  of  the  solution  of  protonitrate  of 
mercury  correspond  to  1.667  gramme  of  chloride  of  sodium 
or  to  1.00  gramme  of  chlorine.  We  have  accordingly  to  add 
17.16  volumes  of  water  to  every  82.86  volumes  of  the  soiufion 
of  protonitrate  of  mercury 

82.86 
17.16 


100.00 
to  produce  a  test  fluid  of  the  desired  strength,  i.  e.  of  which  every 
one  volume  corresponds  to  0.01  gramme  of  chlorine.  It  is  more 
advantageous  still,  to  mix  this  fluid  now  with  an  equal  volume 
of  water,  when  every  one  volume  will  correspond  simply  to  0.005 
gramme,  and  every  100  volumes  to  0.6  gramme  of  chlorine. 

In  the  following  instructions  for  the  performance  of  the 
analysis,  I  shall  assume  the  test  solution  to  possess  the  latter 
degree  of  concentration. 

6.  Performance  of  the  analytical  process. 

a.  6  grammes  of  the  sample  of  chloride  of  lime  under  exami- 
nation are  weighed  off,  finely  triturated  with  a  little  water,  and 
subsequently  rinsed  into  a  cylinder,  which  has  been  previously 
prepared  for  the  purpose  for  whioh  it  is  intended,  by  measuring 
into  it  200  volumes  of  water  from  the  graduated  dropping-tube, 
and  scratching  a  mark  into  the  glass  at  the  exact  spot  to  which 
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these  )200  yolamea  of  water  reach.  The  cylinder  is  then  filled 
with  water  np  to  the  mark,  and  the  mixture  agitated. 

b.  100  volumes  of  the  solution  of  protonitrate  of  mercury 
(corresponding  to  0.5  gramme  of  chlorine)  are  measured  off  by 
means  of  a  graduated  syphon ;  they  are  then  poured  into  a  beaker- 
glass^  and  diluted  with  water ;  an  excess  of  solution  of  common 
salt  is  added,  and  finally  a  small  portion  of  hydrochloric  acid, 
which  must  be  perfectly  firee  firom  admixture  of  chlcmne  or  sul- 
phurous acid* 

e.  The  graduated  dropping-tube  is  now  filled  up  to  the  0  point 
with  the  well-shaken  solution  of  chloride  of  lime,  (a.),  which 
latter  is  then  dropped  cautiously  and  with  constant  stirring  into 
the  fluid  of  b.  (which  must  invariably  remain  acid)  until  the 
mixture  appears  perfectly  clear. 

The  per  centage  amount  of  chlorine  contained  in  the  examined 
sample  of  bleaching  powder  may  now  be  at  once  found,  simply 
by  dividing  2000  by  the  number  of  volumes  of  the  solution  of 
the  latter  which  have  been  used  in  the  process.  The  calculation 
proceeds  as  follows : 

The  amount  used  of  the  chloride  of  lime  solution  corresponds 
to  0.5  grammes  of  chlorine ;  how  much  chlorine  do  the  whole 
200  volumes  of  this  solution  contain  ?  Let  us  suppose  we  have 
used  90  volumes  of  the  chloride  of  lime  solution. 

90  :  0.5  :  :  200  :  X 

200:0.5       100         ,  ,„ 

^^ 9o-=ir=^-'^'- 

5  grammes  :  1.1111  :  :  100  :  x 
X  =  22.22. 

B.    Method   of  dbtebmining   the   amount   of   available 

CHLORINE  BY  MEANS  OF  AB8ENIOUS  ACID    (after  OaY-LuSSAC, 

slightly  modified). 

1.  This  method  is  based  upon  the  circumstance  that  the  con- 
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tact  of  chlorine  with  arsenious  acid,  in  presence  of  water,  gives 
rise  to  the  formation  of  arsenic  acid  and  hydrochloric  acid. 
As  Oa  -h2  Cl  +  2  H  0=As  O,  +2  CI  H. 
1  equivalent  of  arsenious  acid=1240,  requires  accordingly  2 
equivalents  of  chlorine=886  for  its  conversion  into  arsenic  acid, 
or,  in  other  terms,  140  parts  of  arsenious  acid  require  100  parts 
of  chlorine.  Consequently  the  amount  of  a  solution  of  chlorine 
required  to  convert  a  definite  quantity  of  arsenious  acid  into 
arsenic  acid  indicates  at  once  ihe  proportional  amount  of  chlorine 
present  in  the  solution  in  question.  The  arsenious  acid  is  best 
used  in  solution.  A  solution  of  arsenious  acid  of  definite  strength 
is  to  be  prepared  as  follows  : 

2.  Preparation  of  the  test  solution. 

14  grammes  of  pure  arsenious  acid  are  dissolved  in  potass  ley, 
and  as  much  water  added  as  will  raise  the  whole  amount  of  the 
fluid  to  exactly  2000  volumes  of  the  graduated  dropping-tube. 
100  volumes  of  this  solution  will  thus  contain  »y^=0.7  gramme 
of  arsenious  acid,  and  the  solution  of  chlorine  required  to  convert 
this  into  arsenic  acid  will  accordingly  contain  0.5  gramme  of 
chlorine. 

3.  Performance  of  the  analytical  process. 

a.  The  solution  of  the  chloride  of  lime  under  examination  is 
prepared  as  directed  at  A.,  5,  a.,  so  that  5  grammes  yield  209 
volumes. 

b.  100  volumes  of  the  solution  of  arsenite  of  potass  (2)  (cor- 
responding to  0.6  gramme  of  chlorine)  are  measured  off"  by 
means  of  a  graduated  syphon,  transferred  to  a  beaker-glass,  and 
diluted  with  water ;  hydrochloric  acid  is  then  added  until  it  com- 
mences to  predominate  strongly,  and  the  fluid  is  finally  colored 
with  one  or  two  drops  of  solution  of  indigo. 

c.  The  graduated  dropping-tube  is  now  filled  Up  to  the  0 
point  with  the  well-shaken  solution  of  the  chloride  of  lime,  (a.) 
which  latter  is  then  dropped  into  the  colored  solution  of  arse- 
nious acid  (b.)  until  the  blue  tint  of  the  fluid  disappears; 
(should    this  tint  become  indistinct  towards  the  conclusion  of 
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the  process,  a  fresh  drop  of  solution  of  indigo  may  be  added). 
The  amount  used  of  the  chloride  of  lime  solution  contained  0.5 
gramme  of  chlorine.     The  calculation  proceeds  as  diriacted  at  A. 

C.   Method    of    determining    the    amount    of    available 

CHLORINE  BY   MEANS   OF   PROTOSDLPHATE    OF  IRON.       (OtTO.) 

The  principle  of  this  method  is  as  follows : 

Two  equivalents  of  protosulphate  of  iron/ when  brought  into 
contact  with  chlorine,  in  the  presence  of  water  sad  of  free  sul- 
phuric acid,  transpose  with  one  equivalent  of  chlorine,  one  equi- 
valent of  water,  and  two  equivalents  of  sulphuric  acid,  to  one 
equivalent  of  persulphate  of  iron,  and  one  equivalent  of  hydro- 
chloric acid. 

2  FeO,  S  O3  +  2  S  O3+H  0  +  01=Fe,  O3,  3  S  0,  +  Cl  H. 

Two  equivalents  of  Fe  O,  S  03=1900,  or,  calculated  upon 
crystallized  protosulphate  of  iron,  .'    . 

2  (Fe  0,  S  O3  H  0+6  aq.)=3475.0 
correspond   to   443.2    of  chlorine,   or,    in    other  terms,   3.924 
grammes  of  crystallized  protosulphate  of  iron  correspond  to  0.5 
gramme  of  chlorine.  ., 

The  protosulphate  of  iron  required  for  these  experiments  is 
best  prepared  as  follows : 

Iron  nails,  free  from  rust,  are  dissolved  in  dilute  sulphuric 
acid,  finally  with  the  application  of  heat ;  the  solution  is  filtered, 
whilst  still  warm,  into  about  twice  its  own  volume  of  spirits  of 
wine.     The  precipitate  which  is  produced  consists  of 

FeO,  S03  +  H0H-C  aq. 
This  precipitate  is  collected  upon  a  filter,  edulcorated  with  spirits 
of  wine,  spread  upon  a  sheet  of  blotting  paper,  and  allowed  to 
dry  in  the  air  until  it  has  completely  lost  the  smell  of  spirits  of 
wine;  the  dry  protosulphate  of  iron  is  kept  in  well- closed 
bottles. 

Performance  of  the  analytical  process. 

3.924  grammes  of  the  precipitated  protosulphate  of  iron  are 
dissolved  in  a  few  ounces  of  water,  and  the  solution  is  strongly 
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acidified  ^tb  pare  salphazic  acid.  The  graduated  dropping-tabe 
is  now  filled  up  to  0  with  the  well-shaken  solution  of  the  sample 
under  examination,  (vide  A.,  6,  a,,)  and  the  latter  is  then  dropped 
into  the  solution  of  the  protosulphate  of  iron  until  the  whole 
of  the  protosulphate  is  converted  into  persulphate.  To  hit  the 
exact  point  at  which  the  peroxidation. is  completed,  a  clean  plate  is 
sprinkled  over  with  a  solution  of  fenioyanide  of  potassium,  and 
when  the  operation  draws  towards  the  end,  a  minute  quantity 
of  the  mixture  is  conveyed,  by  means  of  a  small  stirring  rod 
to  one  of  the  drops  of  ferricyanide  of  potassium  solution  upon  the 
plate,  in  order  to  ascertain  whether  this  continues  to  produce  a  blue 
precipitate  or  coloration  in  the  latter.  The  same  test  is  repeated 
upon  every  firesh  addition  of  two  drops  of  chloride  of  lime  solu- 
tion. When  the  object  in  view  is  attained,  the  measure  used  of 
the  chloride  of  lime  solution  is  accurately  read  otL  The  amount 
used  contained  0.5  gramme  of  chlorine.  The  calculation  pro- 
ceeds exactly  as  directed  at  A. 

SUPPLE!iCENTARY  BEMAEKS* 

a.  The  three  methods  of  chlorimetry  which  I  have  just  now 
described  yield  equally  accurate,  corresponding,  and  constant 
results,  provided,  of  course,  the  test  solutions  required  in  A.  and 
B.  be  correctly  prepared,  and  the  protosulphate  of  iron  used  in 
0.  be  perfectly  pure  and  dry.  Any  superiority  which  may  be 
considered  to  exist  with  respect  to  the  relative  degree  of  accuracy 
attainable  by  either  of  these  three  methods,  must  be  accorded  to 
B.  and  C,  since  the  test-solution  of  arsenious  acid  and  the  pro- 
tosulphate of  iron  (when  prepared  and  kept  according  to  the 
directions  given  at  0.)  may  be  preserved  unaltered,  or  are,  at  all 
events,  less  liable  to  sufiiar  any  modification  than  a  solution  of 
protonitrate  of  mercury. 

b.  It  is  usuaUy  recommended  to  allow  the  solution  of  chloride 
of  lime  to  clear  by  subsidence,  and  to  test  simply  the  clear  de- 
canted fluid.  My  own  experience  has  taught  me,  however,  that 
it  is  preferable  to  test  the  uniform  turbid  mixture,  which  is,  of 
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course,  to  be  sujBlcieiitly  dilated  to  permit  its  ready  effdsion  and 
transfer  from  one  yessel  to  another.  Any  one  may  readily 
convince  himself  that  the  results  obtained  in  the  latter  case  are 
more  accurate  and  constant  than  those  obtained  in  the  former ; 
he  need,  for  this  purpose,  simply  make  two  distinct  experiments 
with  the  same  solution  of  chloride  of  lime,  viz.,  one  with  the 
clear  decanted  portion  of  the  solution,  and  the  other  with  the 
remaining  turbid  mixture.  Thus,  for  instance,  direct  experi- 
ments, made  according  to  method  A,  yielded, 

1.  The   clear  decanted  solutions    from  22.99  to  23.22  of 
chlorine. 

2.  The  remaining  turbid  mixture  25.0  of  chlorine. 

8.  The  uniformly  mixed  solutions   from    24.2    to    24.8  of 
chlorine. 


SECTION  VI. 
ORGANIC  ELEMENTAEY  ANALYSIS. 

§138. 

Organic  compounds  contain  only  comparatively  few  of  the 
elements  which  constitute  the  material  world.  A  small  number 
of  organic  compounds  consist  simply  of  two  elements,  viz., 

CandH; 
The  greater  number  contain  three  elements,  viz.,  usually, 

C,  H,  and  O. 
Most  of  the  rest  contain  four  elements,  viz.,  generally, 

0,H,  O,  andN; 
A  small  number  contain  five  elements,  viz. 
0,  H,  O,  N,  and  S, 
And  a  few  contain  six  elements,  viz., 

C,  H,  0,  N,  S,  and  P. 
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This  applies  to  all  the  natural  organic  compounds  which  have 
as  yet  come  under  our  notice.  But  we  may  artificiaUy  prepare 
organic  compounds  which  contain  other  elements  besides  those 
BDumerated ;  thus  we  know  many  organic  substances^  the  radicals 
of  which  contain  chlorine,  iodine,  or  bromine ;  or  arsenic,  plati- 
num, iron,  cobalt,  &c.,  &c. ;  and  it  is  quite  impossible  to  say 
which  of  the  other  elements  may  not  be  similarly  capable  of  form- 
ing constituents  of  organic  compounds,  (constituents  of  organic 
radicals). 

With  these  compounds  we  must  not  confound  those  which,  are 
to  be  looked  upon  as  binary  compounds  of  the  first,  or  of  a  higher 
order,  such  as  tartrate  of  lead,  for  instance,  silicate  of  oxidd  of 
ethyle,  borate  of  morphia,  &c. ;  since  in  the  latter  class  of  com- 
pounds, of  course,  all  and  every  one  of  the  elements  may  happen 
to  be  present. 

Organic  compounds  may  be  analysed  either  with  a  view  simply 
to  resolve  them  into  their  proximate  constituents,  thus,  for  instance, 
a  gum  resin  is  resolved  into  resin,  gum,  and  ethereal  oil ; — or 
the  analysis  may  have  for  its  object  the  respective  determination 
of  the  absolute  and  relative  weight  of  the  ultimate  constituents  (the 
elements)  which  constitute  the  analysed  compound.  The  simple  re- 
solution of  analysed  compounds  into  their  proximate  constituents, 
is  effected  by  methods  perfectly  similar  to  those  applied  for  the 
analysis  of  inorganic  compounds ;  that  is,  the  operator  endeavours 
to  separate  (by  solvents,  application  of  heat,  &c.  &c.)  the  indivi- 
dual constituents  from  one  another,  either  directly,  or  after 
having  previously  converted  them  into  appropriate  forms.  We 
disregard  here  altogether  this  branch  of  organic  analysis — of 
which  the  methods  must  be  nearly  as  numerous  and  varied  as  the 
cases  which  require  their  application — and  proceed  at  once  to 
treat  of  the.  second  branch,  which,  to  distinguish  itfi*om  the  other, 
is  called  Organic  Elementary  Analysis. 

Organic  elementary  analysis,  as  I  have  already  stated,  has  for 
its  object  the  determination  of  the  absolute  and  proportional 
weight  of  the  individual  elements   of  organic   compounds.     It 
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attains  this  object  by  teaching  us  how  to  convert '  these  elements 
into  compounds  of  known  constitution^  to  separate  the  new  com" 
pounds  subsequently  from  one  another,  to  weigh  them  individually^ 
and  finally  to  infer  from  their  respective  weight  that  of  the  original 
elements  in  question. — Organic  elementary  analysis,  therefore, 
is  based  upon  the  same  principle  upon  which  rest  moist  of  the 
methods  of  separating  and  determining  inorganic  compounds. 

The  decomposition  of  most  organic  substances  into  distinctly 
characterized  and  readily  separable  products,  which  will  permit  an 
accurate  determination  of  their  weight.  Offers  no  great  difiBcul- 
ties^  and  organic  elementary  analysis  is  therefore  usually  6ne  of 
the  more  easy  tasks  of  analytical  chemistry ; — and  as  the  limited 
number  of  the  elements  which  constitute  organic  bodies  induces  a 
great  sameness  in  the  products  of  their,  decomposition,  the  mode 
of  performing  the  analysis  is  always  very  similar,  and  a  few  me* 
thods  suffice  for  all  cases.  — ^It  is  principally  ascribable  to  this 
latter  circumstancQ  that  organic  elementary  analysis  has  so  spee« 
dily  attained  its  present  high  degree  of  perfection  : — the  constant 
examination  and  improvement  of  ^few  methods  by  a  great  num- 
ber of  chemists,  could  not  fail  to  produce  this  result 

Organic  elementary  analysis  may  have  for  its  object  either  sim- 
ply to  ascertain  the  relative  number  of  the  elements  which  consti- 
tute the  analysed  substance,  as  when  woods  are  analysed  to  ascer- 
tain their  value  as  fuel,  or  fats  to  ascertain  their  capacity  of  fur* 
nishing  light — or  to  determine  not  only  the  relative  proportions 
of  the  constituent  elementary  atoms,  but  likewise  their  absolute 
quantity y  that  is>  to  determine  the  exact  number  of  atoms  of  car* 
bon,  hydrogen,  oxygen,  &c.  &c ,  which  constitute  one  atom  of 
the  analysed  compound.  In  scientific  investigations  we  have 
invariably  the  latter  object  in  view,  although  we  are  not  yet  able, 
in  all  cases,  to  attain  it.  The  respective  attainment  of  these 
two  distinct  purposes,  requires  of  course  the  application  of  difr 
ferent  and  distinct  methods.  Those  methods  which  enable  us  to 
ascertain  the  relative  proportions  of  the  constituent  elements  of 
organic  compounds,  may  be  collectively  called,  "  organic  elemen-r 
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tary  analysis  in  a  more  restricted  sense;'  whilst  those  methods 
which  reveal  to  ns  the  absolute  number  of  elementary  atoms  con- 
stituting  the  complex  atom  of  the  analysed  compound,  may  be 
styled  "  determination  of  the  atomic  weight  of  organic  bodies" 

The  success  of  an  elementary  analysis  depends  upon  two  condi- 
tions; viz.  1,  upon  the  selection  of  the  appropriate  method;  and 
2,  upon  the  correct  performance  of  the  necessary  operations  and 
processes :  the  latter  may  be  readily  acquired  by  any  one  endowed 
with  some  patience,  clearness  of  perception,  and  skill  in  chemioa] 
manipulation.  The  selection  of  the  method  depends  upon  the 
knowledge  of  the  constituents  of  the  compound  under  examina* 
tion,  and  the  method  selected  will  always  require  certain  modifi- 
cations, according  to  the  different  properties  and  state  of  aggrega- 
tion of  these  constituents.  Before  we  can  proceed,  therefore,  to 
describe  the  various  methods  applicable  in  the  different  cases 
which  may  occur,  we  must,  in  the  first  place,  study  the  manner 
of  ascertaining  the  nature  of  these  constituents. 


I.   Qualitative  examination  of  organic  bodies. 

§  139. 

It  is  not  necessary  for  the  correct  selection  of  the  appropriate 
method,  to  know  all  and  every  one  of  the  elements  of  an  organic 
compound,  since  the  presence  or  absence  of  some  of  them — of 
oxygen,  for  instance — ^has  not  the  slightest  modifying  influence 
upon  the  manner  of  proceeding  with  the  analysis.  But  with  re* 
gard  to  other  elements,  such  as  nitrogen,  sulphur,  phosphorus^ 
chlorine,  iodine,  bromine,  &o.  &c.,  and  also  the  various  metals, 
it  is  absolutely  indispensable  that  the  operator  should  know  posi* 
tively  whether  either  of  them  are  present  This  may  be  ascer- 
tained in  the  following  manner. 

1.  Testing  for  nitrogen. 

Substances  which  contain  a  tolerably  large  amount  of  nitrogen, 
exhale  upon  combustion,  or  when  intensely  heated,  the  well- 
7 
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known  smell  of  singed  hair  or  feathers.  No  fnrtber  test  is  re- 
quired, if  this  smell  is  distinctly  perceptible  npon  bnming  or 
heating  a  sample  of  the  substance  under  examination ;  otherwise 
the  following  experiments  are  to  be  resorted  to. 

a.  The  substance  under  examination  is  mixed  with  caustio 
potass  in  powder,  or  with  soda-lime,  (§  40.  4,)  and  the  mixture 
heated  in  a  test-tube.  Should  the  examined  substance  contain 
nitrogen,  ammonia  will  be  evolYcd,  which  may  be  readily  detected 
by  its  pecuUar  odor,  reaction  upon  vegetable  colors,  and  formation 
of  white  Aimes  when  brought  into  contact  with  volatile  acids. 
Should  these  reactions  fail  to  aflford  positive  proof  of  the  presence 
of  nitrogen,  every  doubt  as  to  the  presence  or  absence  of  this 
element  may  be  removed  by  the  following  experiment: — A  some- 
what larger  portion  of  the  substance  under  examination  is  heated, 
in  a  short  tube,  in  conjunction  with  an  excess  of  sodorlime,  and 
the  products  gf  the  combustion  are  conducted  into  dilute  hydro- 
chloric acid ;  the  acid  is  subsequently  evaporated  in  the  water- 
bath,  the  residue  re-dissolved  in  a  httle  water,  and  the  solution 
finally  mixed  with  bichloride  of  platinum  and  alcohol.  Should 
no  precipitate  form,  even  after  the  lapse  of  some  time,  the  exa- 
mined substance  may  be  considered  free  from  nitrogen. 

b.  Lassaigne  has  recently  proposed  another  method,  which  is 
based  upon  the  property  of  potassium  to  form  cyanide  of  potas- 
sium when  ignited  with  a  nitrogenous  organic  substance.  The 
following  is  the  best  mode  of  performing  the  experiment : — 

The  substance  under  examination  is  heated  in  a  small  test- 
tube,  with  a  fragment  of  potassium,  and,  after  the  complete  com- 
bustion of  the  whole  of  the  potassium,  the  residue  is  treated  with  a 
little  water,  (cautiously) ;  the  solution  is  filtered,  and  the  filtrate 
mixed  with  solution  of  feiroso-ferrio  oxide ;  the  mixture  is  slightly 
digested,  and  hydrochloric  acid  in  excess  is  subsequently  added. 
The  formation  of  a  blue  precipitate  or  coloration  proves  the  pre- 
sence of  nitrogen. 

Both  methods  are  delicate ;  the  latter  admits  less  readily  of 
mistakes  than  the  former. 
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2.  Testing  for  sulphur, 

a.  Solid  substances  are  intimately  mixed  with  some  ^ure  car- 
bonate  of  soda  and  nitrate  of  potass;  nitrate  of  potass  is  then 
heated  to  fiision  in  a  porcelain  crucible,  and  the  mixture  gradually 
projected  into  the  fusing  mass.  The  mass  is  subsequently  allowed 
to  cool,  and,  when  cold,  dissolved  in  watery  and  the  solution* 
after  previous  acidulation  with  hydrochloric  acid,  is  finally  tested 
with  barytes. 

h.  Fluids  are  treated  with  fuming  nitric  acid,  or  with  a  mixture 
of  nitric  acid  and  chlorate  of  potass,  at  first  in  tlie  cold,  and 
finally  with  application  of  heat ;  -  the  solutions  are  subsequently 
treated  as  directed  at  a, 

c.  Instead  of  the  methods  described  at  a,  and  h.,  the  following 
process  may  likewise  be  resorted  to  : — 

The  substance  under  examination  is  kept  boiling  with  a  con- 
centrated solution  of  potass,  so  as  to  evaporate  the  quxture  nearly 
Plate  45.  to  dryness.  The  residue  is  dissolved  in  a  small 
portion  of  water,  and  the  solution  poured  into  the 
flask  A.  (Plate  45.) ;  dilute  hydrochloric  acid  is  then 
slowly  added  through  the  funnel -tube  c;  should 
sulphur  be  present,  the  paper-slip  b,  which  is  tho- 
roughly moistened  with  solution  of  acetate  of  lead, 
and  subsequently  touched  with  a  few  drops  of  solu- 
tion of  carbonate  of  ammonia,  will  turn  brown. 
I  need  hardly  mention  that  the  cork  must  not  fit 
air  tight  into  the  mouth  of  A.  This  method  yields 
often  more  satisfactory  results  than  a,  and  h, 

3.  Testing  for  phosphorus. 

The  methods  described  at  2.  a.  and  ^.  may  likewise  serve  for 
phosphorus.  The  solutions  obtained  are  tested  for  phosphoric 
acid  with  sulphate  of  magnesia,  or  with  perchloride  of  iron  in  con- 
junction with  acetate  of  soda.  (Compare  qualit.  analysis.)  In 
method  h.  the  greater  portion  of  the  excess  of  nitric  acid  must  first 
be  removed,  is  mostly  effected  by  evaporation. 

4.  Testing  for  inorganic  substances. 
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A  portion  of  the  substance  under  examination  is  heated  upon  a 
platinum  plate,  to  see  whether  a  residue  remains.  When 
acting  upon  difficultly  combustible  substances,  the  process  may 
be  accelerated  by  heating  the  spot  which  the  substance  under 
examination  occupies  on  the  platinum  plate  to  the  most  intense 
redness,  directing  the  flame  of  the  blow-pipe  upon  the  correspond- 
ing point  of  the  lower  surface  of  the  plate.  The  nature  of  the 
residue  is  subsequently  examined  by  the  usual  methods. 

These  preliminary  experiments  should  never  be  neglected,  since 
neglect  in  this  respect  may  give  rise  to  the  very  grossest  errors. 
Thus,  for  instance,  taurine,  a  substance  in  which  a  considerable 
proportion  of  sulphur  has  recently  been  found  to  exist,  had  ori- 
ginally the  formula  O4  NH,  0,o  assigned  for  its  composition. 
The  preliminary  examination  of  organic  substances  for  chlorine, 
bromine,  and  iodine,  is  generally  unnecessary,  since  these  elements 
do  not  occur  in  natural  organic  compounds,  and  since  their  pre- 
sence in  compounds  artificially  produced  by  the  action  of  the  salt- 
radicals,  require  generally  no  further  proof  or  examination. — 
Should  it,  however,  be  desirable  to  ascertain  positively  whether  a 
substance  does  or  does  not  contain  chlorine,  iodine,  or  bromine, 
the  same  methods  are  to  be  resorted  to  which  we  shall  have  occa- 
sion to  describe  in  the  quantitative  determination  of  organic  com 
pounds. 


II.   Organic  elementary  analysis  in  a  more  restricted 

SENSE. 

It  is  not  my  intention  here  to  give  an  account  of  the  rise  and 
progress  of  organic  elementary  analysis ;  I  shall  therefore  confine 
myself  to  the  description  of  the  most  simple,  precise,  and  uni- 
versally applicable  methods,  omitting  all  the  rest. 

The  accuracy  of  the  results  depends  both  upon  the  appro- 
priate construction  and  arrangement  of  the  apparatus  necessary  for 
the  various  analytical  processes,  and  upon  the  execution  of  these 

c  c 
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processes.  I  am  anxious,  therefore,  to  impress  upon  the  student 
the  necessity  of  bestowing  equal  attention  and  diligence  upon 
both ;  the  rules  which  I  hare  laid  down  are  the  finite  of  long 
experience  and  of  innumerable  experiments. 

A.  Analysis  of  compounds  which  consist  simply  of  carbon 

AND  HYDROGEN,  OR  OF  CARBON,  HYDROGEN,  AND  OXYGEN. 

§  140. 

The  principle  of  the  method  which  serves  to  effect  the  quantita- 
tive  analysis  of  these  compounds,  and  which  owes  its  present  per- 
fection to  Professor  Liebig,  is  exceedingly  simple.  The  sub- 
stance under  examination  is  burned  into  carbonic  acid  and 
water ;  these  products  are  separated  fi:om  one  another,  weighed, 
and  the  carbon  of  the  analyzed  substance  calculated  firom  the 
weight  of  the  carbonic  acid,  the  hydrogen  from  that  of  the  water. 
If  the  sum  of  the  calculated  weight  of  the  carbon  and  hydrogen  is 
equal  to  the  original  weight  of  the  substance,  the  absence  of 
oxygen  is  at  once  satisfactorily  proved ;  should  the  sum  on  the 
other  hand  be  less  than  the  original  weight  of  the  substance, 
the  difference  will  at  once  indicate  the  amount  of  oxygen  originally 
present  in  the  analyzed  compound. 

The  combustion  is  effected  either  by  igniting  the  organic  sub- 
stances in  conjunction  with  oxygenized  bodies  which  readily  yield 
up  their  oxygen,  (oxide  of  copper,  chromate  of  lead,  &c.  &c.,)  or 
directly,  by  means  of  free  oxygen  gas,  or,  finally,  at  the  expense 
both  of  firee  and  combined  oxygen. 
a.  Solid  bodies.* 

a.  Readily  conihustible,  non-volatile  substances.  (Ex.  gr. 
sugar,  starch,  tartaric  acid,  in  short,  most  solid  organic  sub- 
stances.) 

*  For  the  analysis  of  waxy,  fatty  and  other  similar  bodies,  which  cannot 
be  reduced  to  powder,  I  refer  to  §  145. 
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§    141. 

I.  Apparatus  and  preparations  necessary  for  organic 

ELEMENTARY  ANALYSIS. 

The  following  is  a  complete  list  of  every  thing  required  for  the 
performance  of  organic  elementary  analysis  : 

1.  The  SUBSTANCE  INTENDED  FOR  ANALYSIS. — ^This  must  be 
very  finely  levigated,  and  perfectly  pure  and  dry ; — for  the  me- 
thod of  effecting  the  exsiccation  of  organic  substances,  I  refer  to 
§  14. 

2.  A  TUBE  IN  WHICH  TO  WEIGH  THE  SUBSTANCE. — ^A  Small  and 

perfectly  dry  glass  tube,  about  1^  to  2  inches  long,  and  a  few  lines 
in  diameter,  is  selected  for  this  purpose ;  the  weight  of  this  tube 
is  to  be  accurately  determined.  It  is  advisable  to  place  the  tube 
in  the  drying  apparatus  together  with  the  substance  intended  for 
analysis. 

8.  The  combustion  tube. — ^A  tube  of  difficultly  fusible  glass, 
(potass  glass,)  about  one  half  line  in  thickness,  three  feet  in 
length,  and  from  0.4  to  0.6  inches  in  diameter,  is  softened  in  the 
middle  before  a  glassblower's  lamp,  drawn  out  as  represented  in 

PLATE   XLVI. 


and  finally  rent  asunder  at  a.  The  fine  points  of  the  two  pieces 
are  then  slightly  thickened  in  the  flame,  and  the  sharp  edges  of 
the  open  ends  slightly  rounded  by  fusion,  care  being  taken  to 
leave  the  aperture  perfectly  round ;  it  is  necessary  for  this  purpose 
to  select  in  the  first  place  a  tube,  of  which  the  apertures  represent 
the  appearances  illustrated  by  Plate  XLYII,  but  not  that  ex- 
hibited in  Plate  XLVIII. 

PLATE  XLVII.  PLATE  XLVIII. 


c  c  2 
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Two  perfect  combustion  tubes  are  thus  produced.  The  com- 
bustion tube  intended  for  use,  is  cleaned  with  a  linen  or  paper- 
wiper  attached  to  a  piece  of  wire,  and  is  subsequently  thoroughly 
dried.  This  is  effected  either  by  placing  the  tube,  with  a  piece  of 
paper  twisted  over  its  mouth,  upon  the  plate  of  a  common  stove, 
or  into  a  sand-bath,  and  keeping  it  there  for  some  time ;  or,  in 
cases  where  it  is  desirable  to  accomplish  the  exsiccation  in  a  more 
expeditious  manner,  by  thrusting  a  small  glass  tube  into  the  com- 
bustion tube,  heating  the  latter  in  its  whole  length,  by  moving  it 
backwards  and  forwards  oyer  the  flame  of  a  spirit-lamp,  and  con- 
tinually removing  the  hot  air  by  suction. 

PLATE   XLIX. 


PLATE  L. 


The  tube,  when  perfectly  dry,  is  closed  air-tight  with  a  cork,  and 

kept  in  a  warm  place  until  required  for  use. 
4.  A  Liebiq's  apparatus,  as  illustrated  by 

and  which  may  be  readily  procured  from 
any  maker  of  chemical  instruments,  or 
from  any  glass-blower.  This  apparatus 
is  filled  to  the  extent  indicated  in  the 
engraving,  with  a  clear  solution  of 
caustic  potass  of  1.27  sp.  gr.,  and 
which  must  be  free  from  admixture 
of  carbonate  of  potass,  (§  40.  7.)  The 
introduction  of  the  potass  solution  into 
the  apparatus,  is  effected  by  plunging 
the  extremity  a  (but  never  the  other) 
into  the  vessel  which  contains  the  potass 
ley,  and  applying  suction  to  the  other 
extremity  (b,)  either  by  means  of 
perforated   cork,    or,   better  still,  with 


PLATE  LI. 
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the  aid  of  a  syphon,  (Plate  LI.)  The  two  extremities  are  then 
wiped  perfectly  dry  with  twisted  paper  slips,  and  the  apparatus 
is  finally  wiped  dry  with  a  clean  cloth. 

5.  The  chloride  of  calcium  tube  (Plate  LII.)  may  also  be  pur- 
chased.    This  tube  is  prepared  for  use  in  the  following  manner : — 

In  the  first  place,  the  end 
PLATE  LII.  ^  of  the  tube  i  a  is  loosely 

^  stopped  with  a  cotton  plug, 
i  which  is  made  to  protrude 
firom  i  to  |-  inch  into  b  a ; 
this  is  efiected  by  introducing  a  very  loose  cotton  plug  into  c,  and 
applying  a  sudden  and  energetic  suction  to  b.  The  bulb  of  the 
tube  is  then  filled  with  small  lumps  of  chloride  of  calcium, 
(§  40.  8.  b.),  and  the  tube  d  c  is  filled  up  to  ^  with  smaller  firag- 
ments,  intermixed  with  coarse  powder  of  the  same  substance ;  a 
loose  cotton  plug  is  placed  over  the  chloride  of  calcium,  and  the 
tube  is  finally  closed  with  a  perforated  cork,  into  which  a  small 
glass  tube  is  fitted ;  the  protruding  part  of  the  cork  is  cut  ofi^,  and 
the  cut  surface  covered  over  with  sealing-wax ;  the  edge  of  the 
little  tube/^  is  slightly  rounded  at  ^  by  fusion,  (vide  Plate  LIU.) 

PLATE  UII. 


6.  A  SMALL  CAOUTCHOUC  TUBE.  This  is  made  in  the  fol- 
lowing manner  :  a  piece  of  sheet  india-rubber  is  slightly 
warmed  by  gentle  stretching,  and  subsequently  bent  round  a 
moistened  glass  rod;  the  superfluous  portion  is  removed,  with 
sharp  and  perfectly  clean  scissors,  at  one  cut,  when  the  fresh 
cut  edges  of  the  caoutchouc,  pressed  closely  together,  will 
completely  cohere,  provided  they  have  not  been  soiled  by  contact 
with  the  fingers. — Another  piece  of  india  rubber  is  then  stretched 
round  the  first  piece,  and  cut  in  the  same  manner,  taking  care  to 
place  the  cut  edges  of  the  inner  and  outer  tube  on  opposite  sides 
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This  kind  of  doable  cautchouo  tube  will  stand  the  wear  and  tear 
of  fifty  and  more  analyses.  It  is  oarefolly  drawn  off  the  glass  rod^ 
and  dried  at  a  very  gentle  heat,  (the  temperatare  of  the  water- 
bath  is  far  too  high  for  this  purpose.)  The  diametar  of  this  little 
eonnecting  tabe  must  be  sufficiently  wide  to  permit  the  ready 
introduction  of  the  extremity  a  of  the  potass  apparatus,  and  of  the 
tube/^  of  the  chloride  of  calcium  tube.  (Plate  LIII.) 

7.  Silk  cokd. — ^A  strong  twisted  silk  cord  is  selected ;  this  is 
cut  into  pieces  of  from  two  to  ten  inches  long,  and  each  of  them 
tied  into  a  knot  at  both  ends. 

8.  Cork  stoppers.  —  Soft  and  smooth  corks,  as  much  as 
possible  free  from  visible  pores,  are  best  adapted  for  this 
purpose;  a  cork  should  be  selected  which  fits  perfectly  tight^ 
and  enters  into  the  mouth  of  the  combustion  tube  only  one- 
third  of  its  length;  a  perfectly  smooth  and  round  hole,  of 
the  same  diameter  with  the  end  £  a  of  the  chloride  of  calcium 
tube,  is  then  patiently  and  carefully  bored  through  the  axis  of 
the  cork  by  means  of  a  fine  round  file ;  into  this  perforation  the 
end  ba  of  the  chloride  of  calcium  tube  must  fit  perfectly  air- 
tight. The  cork,  thus  prepared,  is  finally  dried  in  the  water- 
bath.  It  is  necessary  always  to  have  two  corks  of  this  description 
ready. 

9.  A  MORTAR. — ^A  porcelain  mortar>  of  greater  width  than 
depth,  should  be  selected ;  it  must  be  provided  with  a  lip,  and 
free  from  indentations  and  fissures,  and  should  not  be  glazed 
inside.  The  mortar  is  washed  with  water  previously  to  use,  and 
kept  in  a  warm  place,  until  required. 

10.  A  SUCTION  TUBE. — Plate  LIV.  illustrates  the  most  appro- 
priate form  of  a  suction  tube. 

PLATE  LlV. 

The  aperture  a  is  closed 
with  a  perforated  cork,  into 
which  the  tube  h  of  the  potass 
apparatus  is  fitted. 
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11.  A  GLASS  TUBE  open  at  both  ends,  about  two  feet  in  length, 
and  of  sufficient  width  to  admit  being  drawn  over  the  beak  of  the 
combustion  tube  when  in  use ;  this  tube  is  leaned  against  a  fil- 
tering stand.  (Vide  Plate  XX.) 

12.  A  sheet  of  glazed  paper,  with  cut  edges* 

13.  A  Liebig's  combustion  furnace  of  sheet  iron,  with  a 
single  and  a  double  screen.  The  furnace  has  the  form  of  a  long 
box  open  at  the  top  and  behind.  Plate  LY.  represents  the  fur- 
nace as  seen  from  the  top. 

PLATE  Lv.  It  is  about  twenty-four  in- 

ches long  and  four  inches  deep, 
and  the  bottom  which,  by  the 
excision  of  small  slips  of  the 
iron  sheet,  is  converted  into  a 
grating,  has  a  width  of  about 
three  inches.  The  side  walls  are  inclined  slightly  outward,  so 
that  at  the  top  they  are  about  five  inches  from  one  another.  The 
frimace  is  provided  with  a  series  of  straight  and  upright  pieces  of 
strong  sheet  iron  of  the  form  illustrated  in  Plate  LVI.  b,  and 
which  are  fastened  upon  the  bottom  of  the  furnace,  at  intervals 
of  about  two  inches  between  each  other.  These  pieces  serve 
to  support  the  combustion  tube.  They  must  be  of  exactly  cor- 
responding height,  with  the  round  aperture  in  the  front  piece  of 
the  fdmace. 

PLATE   LVI.  PLATE   LVII. 

This  aperture  must  be  sufficiently  large  to  permit  the  easy 
introdaction  of  the  combustion  tube.  Of  the  two  scteens,  the 
one  has  the  form  represented  by  Plate  LVII.,  the  other  that 
is  represented  by  Plate  LVI.  a,  with  the  border  turned  down  at 
the  upper  edges.  The  openings  cut  into  the  screens  must  be 
sufficiently  large  to  receive  the  combustion  tube  without  diffi- 
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culty.  The  furnace  is  placed  upon  two  flat  bricks  resting  upon 
wood,  and  is  slightly  raised  at  the  posterior  end,  by  intro- 
ducing a  piece  of  w()od  between  the  supports,  (vide  Plate  LX.) 
The  apertures  of  the  grating  at  the  anterior  extremity  of  the 
furnace,  must  not  be  blocked  up  by  the  supporting  brick. 
In  oases  where  the  combustion  tubes  are  of  a  good  quality, 
the  furnace  may  be  raised  more  advantageously  by  intro- 
ducing a  little  iron  staff  or  a  piece  of  a  tile  between  the  furnace 
and  the  supporting  brick ;  this  arrangement  will  give  the  air  free 
access  to  all  the  holes  of  the  grating ;  or  the  furnace  may  also  be 
directly  placed  upon  a  tripod. 

14.  Oxide  of  copper.  A  Hessian  crucible,  capable  of  holding 
about  three  ounces  of  water,  is  to  be  nearly  filled  with  oxide  of 
copper  prepared  according  to  §  40,  1 ;  the  crucible  is  then  closely 
covered  and  heated  to  very  gentle  redness ;  the  red-hot  crucible  is 
subsequently  allowed  to  cool  in  some  measure,  so  that  the  hand 
can  just,  but  hardly,  bear  its  contact  by  the  time  that  the  oxide 
of  copper  is  required  for  use. 

16.  An  exhausting  syringe  with  chloride  of  calcium 
TUBE.  Vide  Plate  LIX.  For  the  manner  of  performing  organic 
elementary  analysis  without  the  aid  of  this  apparatus,  I  refer  to 
§  143. 

16.  Hot  sand,  the  temperature  of  this  should  exceed  212^  but 
must  not  be  sufficiently  high  to  singe  paper. 

17.  A  wooden  trough  for  the  sand.   Vide  Plate  LIX. 


II.   PERFORMANCE   OF  THE   ANALYTICAL  PROCESS. 

a.  Both  the  potass  apparatus  and  the  chloride  of  calcium  tube 
must  be  accurately  weighed.  From  0.350  to  0.600  grammes  (more 
or  less  according  as  the  substance  under  examination  is  rich  or 
poor  in  oxygen)  are  introduced  into  the  little  tube  (I.,  2,)  and 
the  latter  is  then  accurately  weighed  with  its  contents.  The 
weight  of  the  empty  tube  being  known,  it  is  easy  to  hit  the  right 
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quantity  required  for  the  analysis  of  the  substance.  The  tube  is 
then  closed  with  a  smooth  cork^  under  which  may  be  placed  a 
little  piece  of  tinfoil. 

b.  The  sheet  of  glazed  paper  (I.,  12)  is  spread  upon  a  clean 
table,  and  moderately  warm  mortar  (I.,  9)  placed  upon  it.  Both 
the  combustion  tube — (which  is  likewise  still  warm) — and  the 
mortar  are  then  rinsed  with  a  little  of  the  hot  oxide  of  copper, 
(the  oxide  which  has  served  for  this  purpose  is  put  by  for 
the    moment).      The  combustion   tube   (vide  Plate  LYIII.)  is 


PLATE   LVIII. 
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now  filled  up  to  h  with  oxide  of  copper,  which  is  transferred 
directly  from  the  crucible  to  the  tube.  A  portion  of  the  oxide 
of  copper  is  now  projected  from  the  tube  into  the  mortar,  and 
the  whole  of  the  substance  intended  for  analysis  is  added  to  it 
from  the  small  tube  in  which  it  has  been  weighed ;  this  small 
tube  is  put  by  in  a  secure  place,  since  it  is  necessary  to  re- 
weigh  it. 

The  oxide  of  copper  and  the  substance  intended  for  analysis 
are  now  most  intimately  intermixed  in  the  mortar,  taking  care 
to  avoid  a  too  energetic  pressure  upon  the  pestle;  nearly  the 
whole  of  the  rest  of  the  oxide  of  copper  in  the  tube  is  then  like- 
wise transferred  from  the  latter  to  the  mortar,  so  that  there  re- 
mains only  a  layer  of  about  one  to  one  and  a  half  inch  in  the 
tube.  This  fresh  portion  of  oxide  of  copper  is  then  most  inti- 
mately mixed  with  the  mass  in  the  mortar.  The  pestle  is  now 
taken  out  of  the  mortar,  and  the  minute  particles  of  the  mixture 
which  adhere  to  it  are  shaken  off  as  much  as  possible ;  the  mix- 
ture is  now  transferred  from  the  mortar  to  the  tube,  which  is  best 
effected  by  applying  the  mouth  of  the  tube  directly  to  the  mix- 
ture, turning  the  tube,  and  depressing  its  posterior  extremity; 
the  rest  of  the  mixture,  which  cannot  be  transferred  into  the 
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tube  in  this  way,  is  poured  upon  a  perfectly  smooth  card,  and 
finally  transferred  from  the  latter  into  the  tube ;  the  mortar  is 
then  rinsed  with  a  little  fresh  oxide  of  copper,  which  is  subse- 
quently likewise  transferred  to  the  tube — (this  will  fill  the  latter 
to  the  point  a  or  thereabout).  The  rest  of  the  tube  is  now 
finally  filled  to  within  about  an  inch  and  a  half  of  the  mouth 
with  pure  oxide  of  copper  from  the  crucible,  and  the  tube  is  then 
temporarily  closed  with  a  cork.  The  reason  why  the  operation 
of  transferring  the  mixture  to  the  tube  is  conducted  over  the 
sheet  of  glazed  paper  is  that,  should  any  of  the  mixture  be 
spilled,  this  may  be  readily  recovered. 

c,  A  few  gentle  taps  on  the  table  sujffice  generally  to  shake 
together  the  contents  of  the  tube,  so  as  to  free  the  beak  perfectly 
from  oxide  of  copper,  and  to  leave  a  free  passage  above  the 

PLATE   LIX. 


§   141.]  ORGANIC   ANALYSIS.  895 

mixture^  from  end  to  end.  Should  a  few  gentle  taps  not  sn£Bioe 
to  effect  this,  as  will  sometimes  happen,  owing  to  malformation 
of  the  beak,  the  object  in  view  may  be  attained  by  stcildng  the 
mouth  of  the  tube  several  times  agcQnst  the  side  of  a  table,  the 
tube  being  held  perfectly  straight  all  the  while.  The  tube  is  now 
placed  into  the  wooden  trough  D,  (Plate  LIX.,)  connected  by 
means  of  a  cork  with  the  chloride  of  calcium  tube  b,  which  latter 
is  again  connected  with  an  exhausting  syringe.  The  combustion 
tube  is  surrounded  in  its  whole  length  with  the  hot  sand,  (I., 
16.)  The  air  is  now  slowly  exhausted,  (quick  and  incautious 
pumping  might  cause  a  portion  of  the  mixture  to  pass  into  the 
chloride  of  calcium  tube).  After  a  short  interval,  the  stopcock 
a  is  opened,  and  new  air  is  admitted,  which  becomes  completely 
dried  in  its  passage  through  the  chloride  of  calcium  tube ;  the 
air  is  then  again  exhausted,  and  fresh  air  admitted ;  this  process 
of  alternate  exhaustion  and  readmission  of  air,  if  repeated  ten  or 
twelve  times,  will  ensure  the  perfect  removal  of  the  moisture 
which  the  oxide  of  copper  may  have  absorbed  from  the  air  during 
the  operation  of  mixing. 

d.  The  end  b  of  the  weighed  chloride  of  calcium  tube  (I„  5) 
is  now  connected  with  the  combustion  tube  by  means  of  the 
perforated  and  dried  cork  (I.,  8) ;  the  combustion  tube  is  placed 
upon  the  supports  in  the  furnace,  (which  latter  rests  likewise 
upon  its  supports,  and  is  slightly  inclined  forward,  Plate  LX.,) 
and  the  end  fi,  of  the  chloride  of  calcium  tube,  connected  by 
means  of  the  little  caoutchouc  tube  with  the  end  m  of  the  potass 
apparatus,  the  caoutchouc  tube  is  secured  on  both  sides  with  silk 
cord,  (I.,  7.),  taking  care  to  press  the  balls  of  the  two  thumbs 
close  together  whilst  tightening  the  cords,  since  otherwise,  should 
one  of  the  cords  happen  to  give  way,  the  whole  apparatus  might 
be  broken.  The  potass  apparatus  is  made  to  rest  upon  a  folded 
piece  of  cloth.     Plate  LX.  illustrates  the  whole  arrangement. 

e.  The  tightness  of  the  junctions  is  examined  in  the  follow- 
ing manner.  A  piece  of  wood  of  the  size  of  a  finger  («)  (or  a 
cork  or  other  body  of  the  kind)  is  placed  under  the  bulb  r  of 
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PLATE   LX. 


the  potass  apparatus,  so  as  to  raise  this  bulb  slightly,  (vide  Plate 
LX).  A  live  coal  is  then  held  near  to  the  bulb  m,  until  a  certain 
portion  of  air  is  expelled  through  the  apparatus;  the  piece  of 
wood  («)  is  now  removed,  and  the  bulb  m  allowed  to  cool.  The 
potass  solution  will  now  rise  into  the  bulb  m  and  fill  it  more 
or  less ;  if  the  liquid  in  m  preserves,  for  the  space  of  a  few 
minutes,  the  same  level  which  it  has  found  to  have  acquired  after 
the  perfect  cooling  of  the  bulb,  the  junctions  may  be  considered 
perfect ;  should  the  fluid,  on  the  other  hand,  gradually  regain  its 
original  level  in  both  kmbs  of  the  apparatus,  this  is  a  positive 
proof  that  the  junctions  are  not  air-tight.  (The  few  minutes 
which  elapse  between  the  two  observations  may  be  advantageously 
employed  in  re-weighing  the  little  tube  in  which  the  substance 
intended  for  analysis  was  originally  weighed.) 

/.  The  combustion  tube  is  made  to  protrude  to  the  extent  of 
a  full  inch  beyond  the  furnace,  and  the  simple  screen  is  sus- 
pended over  the  anterior  border  of  the  furnace  so  as  to  shield 
the  cork.  The  double  screen  is  placed  over  the  combustion  tube 
at  a  distance  of  about  two  inches,  (Plate  LX.),  the  little  piece  of 
wood  {s)  is  replaced  under  r,  and  small  live  coals  are  placed 
first  under  that  portion  of  the  tube  which  is  separated  by  the 
screen ;  this  portion  is  now  gradually  altogether  surrounded  with 
live  coals,  and  thus  heated  to  ignition.  The  screen  is  then  shifted 
backwards  to  the  extent  of  about  one  inch,  and  fresh  coals  are 
placed  upon  the  newly-exposed  portion  of  the  tube,  which  is  thus 
likewise  heated  to  redness;  the  fire  is  in  this  manner  slowly  and  gra- 
dually extended  towards  the  further  extremity  of  the  tube,  taking 
care  to  wait  always  until  the  last  exposed  portion  of  the  tube  is 
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red-hot,  before  shifting  the  screen  farther  backwards,  and  taking 
care  likewise  to  maintain  the  whole  of  the  exposed  portion  of  the 
tube  before  the  screen  in  a  state  of  ignition.  The  portion  of  the 
tube  which  protrudes  beyond  the  furnace  must  be  kept  so  hot 
that  the  fingers  can  hardly  bear  the  shortest  contact  with  it. 
The  whole  process  requires  generally  from  three-quarters  to  one 
hour.  It  is  quite  superfluous,  and  even  injudicious,  to  keep  on 
fanning  the  coals  during  the  operation; — this  should  be  done 
only  when  the  process  is  drawing  to  the  end,  as  we  shall  inmie- 
diately  have  occasion  to  see. 

The  liquid  in  the  potass  apparatus  is  gradually  displaced  from 
the  bulb  m  upon  the  application  of  heat  to  the  anterior  portions 
of  the  combustion  tube;  this  is  simply  owing  to  the  expansion 
of  the  heated  air.  When  the  heat  reaches  that  portion  of  oxide 
of  copper  which  has  been  used  to  rinse  the  mortar,  a  little  car- 
bonic acid  and  aqueous  vapor  begin  to  be  evolved,  which  drive  the 
whole  of  the  air  present  in  the  apparatus  before  them,  and  force  it 
in  large  bubbles  through  the  potass  apparatus.  The  evolution 
of  carbonic  acid  and  aqueous  vapor  acquires  a  greater  degree  of 
briskness  when  the  heat  begins  to  reach  the  mixture  of  the  oxide 
of  copper  with  the  substance  under  examination ;  the  first  bubbles 
are  only  partly  absorbed  in  the  potass  apparatus,  since  they  con- 
tain still  an  admixture  of  air;  but  the  bubbles,  which  are  sub- 
sequently evolved,  are  so  completely  absorbed  by  the  potass,  that 
a  solitary  air-bubble  only  escapes  from  time  to  time  through  the 
liquid.  The  process  should  be  conducted  in  such  a  manner  that 
the  gas-bubbles  follow  each  other  at  intervals  of  from  one  half  to 
one  second.  Plate  LXI.  shows  the  normal  level  of  the  potass  ley, 
during  the  operation. 


PLATE   LXI. 


This  illustration  shows  how 
an  air -bubble  entering  at  a 
passes  first  into  the  bulb  b, 
then  from  b  to  c,  from  c  U)  d, 
and  escapes  finally  through 
the  tube  e  into  the  bulb/. 
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g.  When  the  tabe  is  in  its  whole  length  surrounded  with 
red-hot  charcoal,  and  the  evolution  of  gas  has  relaxed,  the  burn- 
ing embers  should  be  gently  fanned  with  a  square  piece  of  paste- 
board. When  the  evolution  of  gas  has  entirely  ceased,  the 
operator  has  to  adjust  the  position  of  the  potass  apparatus,  to 
remove  the  churcoal  from  the  posterior  end  of  the  furnace,  and 
to  place  the  screen  before  the  bent  and  pointed  extremity  or 
beak  of  the  combustion  tube.  The  ensuing  refrigeration  of  the 
tube,  and  absorption  of  the  carbonic  acid  in  the  potass  apparatus, 
cause  the  potass  ley  in  the  latter  to  recede,  slowly  at  first,  but 
with  increased  rapidity  the  moment  it  reaches  the  bulb  m.  (If 
the  operator  has  taken  care  to  adjust  the  position  of  the  potass 
apparatus  correctly,  he  need  not  fear  that  the  contents  of  the 
latter  will  recede  to  the  chloride  of  calcium  tube.)  When  the 
bulb  m  is  about  half  filled  with  potass  ley,  the  point  of  the  bent 
extremity  or  beak  of  the  combustion  tube  is  to  be  broken  off 
with  a  pair  of  pliers  or  scissors,  whereupon  the  fluid  in  the 
potass  apparatus  will  immediately  resume  its  equilibrium.  The 
potass  apparatus  is  now  again  placed  into  the  original  oblique 
position,  and  the  glass  tube  described  at  §  141, 1.,  II,  is  placed 
over  the  opened  end  (beak)  of  the  combustion  tube,  and  sup- 
ported by  the  arm  of  a  filtering  stand ;  the  suction  pipe  (Plate 
LIY.,  ^  141,  I.,  10)  is  then  joined  to  the  potass  apparatus,  and 
suction  applied  until  the  bubbles  passing  through  the  latter 
cease  to  diminish  in  size. 

The  analysis  is  now  concluded.  The  potass  apparatus  is  un- 
tied, and  the  chloride  of  calcium  tube,  together  with  the  cork, 
removed  from  the  combustion  tube;  the  cork  is  now  likewise 
removed  from  the  chloride  of  calcium  tube,  and  the  latter  is  placed 
upright,  with  the  bulb  upwards.  After  the  lapse  of  half  an  hour, 
the  potass  apparatus  and  chloride  of  calcium  tube  are  weighed, 
and  the  results  are  then  finally  calculated.  They  are  generally 
very  satisfactory  ;-^a8  regards  the  carbon,  they  are  nearly  ah90~ 
lately  accurate^  rather  somewhat  deficient  (about  0. 1  per  cent.) 
than  too  high.     There  exist  indeed  a  few  sources  of  error,  but 
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none  of  them  interfere  materially  with  the  accuracy  of  the  results ; 
they  rather  compensate  partially  for  one  another.  In  the  first 
place,  the  air  which  passes  through  the  potass  ley  during  the 
combustion,  and  finally  during  the  process  of  suction,  carries 
with  it  a  minute  amount  of  moisture.  This  source  of  error  is 
increased^  if  the  evolution  of  gas  proceeds  very  rapidly,  (in  which 
case  the  potass  ley  becomes  heated),  and  likewise  if  nitrogen  gas 
or  oxygen  gas  pass  through  the  potass  apparatus;  compare  §  142, 
bb,,  and  §  146,  a. ;  this  may  be  remedied,  however,  by  fixing  a 
weighed  tube  with  solid  hydrated  potass  to  the  potass  apparatus. 
In  the  second  place,  traces  of  carbonic  acid  from  the  atmosphere 
are  carried  into  the  potass  apparatus  during  the  final  process  of 
suction  ;  this  may  be  likewise  remedied  by  connecting  the  beak 
of  the  combustion  tube  with  a  potass  tube  by  means  of  a  per- 
forated cork.  In  the  third  place,  it  happens  frequently,  in  the 
analysis  of  substances  containing  a  considerable  proportion  of 
water  or  of  hydrogen,  that  the  carbonic  acid  is  not  absolutely 
dried  in  passing  through  the  chloride  of  calcium  tube;  this 
may  also  be  remedied  by  fixing  behind  the  chloride  of  calcium 
tube  a  tube  filled  with  asbestos,  moistened  with  hydrated 
sulphuric  acid.  Finally,  I  may  remark  that  the  adoption  of 
the  old  equivalent  for  carbon=»76.437  gives  rise  to  greater  dif- 
ferences between  the  results  theoretically  calculated  and  actually 
obtained,  than  the  adoption  of  the  new  equivalent  of  carbon 
=75.00. 

As  regards  the  hydrogen,  the  results  are  somewhat  too  high, 
0.1  to  0.15  per  cent.;  this  arises  principally  from  the  circum- 
stance that  the  air  passing  through  the  apparatus  during  the 
final  process  of  suction,  conveys  a  little  moisture  into  the 
chloride  of  calcium  tube,  but  it  may  be  readily  remedied  by  con- 
necting the  beak  of  the  combustion  tube  with  a  potass  tube. 
The  adoption  of  the  old  equivalent  for  carbon  increases  the 
di£ference  between  the  results  calculated  and  obtained,  so  that 
the  process  was  formerly  assumed  to  yield  about  0.2  per  cent 
of  hydrogen  more  than  theoretically  calculated  upon.     I  have  to 
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remark,  however^  that  in  the  far  greater  majority  of  cases,  it  will 
be  quite  superfluous  to  render  the  operation  more  complicated  for 
the  purpose  simply  of  remedying  these  sources  of  error,  the  more 
so  as  we  know,  by  innumerable  experiments,  the  exact  limits  of 
the  influence  which  they  may  exercise  upon  the  accuracy  of  the 
results. 

p.  Difficultly  combustible,  non-volatile  substances  such,  for 
instance,  as  many  resinous  and  extractive  matters,  anthracite, 
dtc,  dc. 

§U2. 

If  substances  of  this  kind  are  analysed  after  the  method  given 
above  for  those  at  a.,  minute  particles  of  carbon  are  liable  to  escape 
oxidation.  To  avoid  this,  either  the  one  or  the  other  of  the  following 
methods  may  be  had  recourse  to,  but  more  particularly  the  first. 

aa.  COMBUSTION  wrfH  chromate  of  lead. 
Of  the  apparatus  and  preparations  enumerated  at  §  14 i,  only 
those  marked  from  1  to  13  are  required,  and  in  addition  to  them 
some  chromate  of  lead  (40.2).  A  narrow  combustion  tube  may 
be  selected.  A  quantity  of  chromate  of  lead,  more  than  sufficient 
to  fill  the  combustion  tube,  is  heated  in  a  platinum  or  porcelain 
basin  over  a  berzelius'  spirit  lamp,  until  it  begins  to  turn 
brown,  and  is  then,  previously  to  its  use,  allowed  to  cool  down 
to  212°  and  even  lower.  The  operation  is  conducted  exactly  as 
directed  at  §  141.,  with  this  difference,  that  the  application  of  the 
exhausting  syringe  is  omitted,  since  chromate  of  lead  is  not,  in 
the  slightest  degree,  hygroscopic  like  oxide  of  copper. 

bb.   combustion   with  oxide  of   copper    and   chlorate   of 

POTASS. 

This  method  requires  the  whole  of  the  objects  enumerated  at 
§  141.,  and  in  addition  to  them  a  small  portion  of  dry  chlorate  of 
potass.  To  obtain  the  latter  substance  perfectly  free  from 
water,  it  is  to  be  heated  to  the  fusing  point,  and,  after  cool- 
ing, reduced  to  coarse  powder,  and  it  may  then  be  kept  in  a 
warm  place  until  required  for  use. 
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The  operation  is  conducted  as  directed  at  §  11 1>  with  this 
difference^  that  the  layer  of  oxide  of  copper  in  the  hindmost  part  of 
the  combustion  tube  is  greater^  and,  that  from  10  to  12  grains 
of  chlorate  of  potass  are  added  and  intermixed  with  the  oxide  of 
copper  by  shaking  the  tube.  When,  upon  ihe  subsequent  heating 
of  the  tube,  the  operator  approaches  this  part,  he  must  place  the 
red-hot  charcoal,  with  great  care,  so  that  the  decomposition  of 
the  chlorate  of  potass  may  proceed  very  gradually ;  since,  if  this 
precaution  be  neglected,  the  impetuous  rush  of  the  gas  will 
eject  a  small  portion  of  the  potass  ley,  and  thus  the  analysis  will 
be  altogether  vitiated. 

The  application  of  the  method  described  sub.  bb.  is  attended 
with  an  additional  source  of  error,  besides  those  enumerated  at 
§  141.  Part  of  the  oxygen  passing  through  the  potass  apparatus, 
saturates  the  ley  in  the  latter  and  thus  increases  its  weight.  On 
the  other  hand,  the  excess  of  the  oxygen  carries  away  with  it 
some  water  from  the  potass  ley.  These  defects,  although  in 
some  measure  compensating  each  other,  must  not  be  neg- 
lected in  very  accurate  analyses.  Mulder,  who  was  the 
first  to  point  them  out,  has  proposed  to  saturate  the  ley  in  the 
potass  apparatus  with  oxygen  previously  to  weighing,  and  to  con- 
nect the  exit-end  of  the  apparatus,  with  a  small  weighed  hydrate 
of  potass  tube.     Compare  experiment  No.  68. 

8.  Volatile  substances,  and  such  bodies  as  undergo  some 
alteration  at  212°,  Close  water,  for  instance). 

§  143. 

Were  substances  of  this  kind  treated  according  to  the  directions 
of  §  141,  a  portion  of  the  substance,,  or  of  water  would  escape 
upon  mixing  with  warm  oxide  of  copper«  and  upon  the  appli- 
cation of  the  exhausting  syringe :  the  results,  therefore,  could 
not  possibly  be  accurate.  On  the  other  hand,  were  the  substance 
mixed  with  cold  oxide  of  copper,  the  mixture  would  absorb  a  con- 
siderable amount  of  moisture. 
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The  process  is  therefore  conducted  according  to  one  or  other  of 
the  two  following  methods. 

€UZ.   COMBUSTION  WITH  CHROMATE   OF  LEAD. 

The  method  described  at  §  142,  aa.  is  pursued.  The  heated 
chromate  of  lead  is  introduced,  while  yet  warm,  into  a  wide  and 
perfectly  dry  glass  tube,  which  is  then  closed,  and  the  chromate 
of  lead  allowed  to  cool ;  the  further  operation  being  subsequently 
conducted  as  directed  at  §  141,  with  this  difference  that  the  mortar 
IS  allowed  to  cool  previously  to  mixing  the  substance  under 
examination  with  the  chromate  of  lead.  There  is  no  fear  now 
that  the  mixture  will  absorb  water,  unless  the  substance  intended 
for  analysis  be  highly  hygroscopic. 

hh.   COMBUSTION   WITH   OXIDE    OF   COPPER. 

The  general  process  is  conducted  as  described  at  §  141.  The 
only  difference  consists  in  the  manner  in  which  the  operation  of 
mixing  is  performed.  This  operation  requires  a  copper  wire,  bent 
and  twisted  at  one  extremity  into  the  shape  of  the  point  of  a 
cork-screw,  as  illustrated  by  Plate  LXII.  And  a  glass  tube, 
PLATE  Lxn.  about    two    feet    l<»ng 

closed    at    one    end; 
^<-^      '  "~         ^    this  tube  must  be  of 

sufficient  width  just  to  permit  the  introduction  of  the  combustion 
tube  into  it.  The  ignited  and  still  hot  oxide  of  copper  is 
introduced  into  the  wide  tube,  when  it  is  allowed  to  cool,  the  open 
end  of  the  tube  being  closed  air-tight  with  a  cork-stopper,  (to 
ensure  air-tightness  it  will  not  be  amiss  to  roll  some  tin-foil 
round  the  cork).  The  perfectly  dry  and  just  refrigerated  com- 
bustion tube  is  mixed  with  a  little  oxide  of  copper,  and  after 
removing  the  cork  from  the  open  end  of  the  wide  tube,  gradually 
turned  into  the  latter,  by  which  means,  aided  by  some  sUght  taps, 
it  is  filled  with  oxide  of  copper  to  the  extent  of  from  six  to  eight 
inches.  The  combustion  tube  is  then  withdrawn,  and  the  cork  is 
replaced  into  the  open  end  of  the  wide  tube ;  the  substance  to  be 
analysed  is  now  introduced  into  the  combustion  tube,  and  die 
copper  wire  (Plate  LXII.)  is  turned  into  the  contents  up  to  about 
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two  inches  from  the  bent  and  pointed  extremity  of  the  tube. 
By  moving  the  wire  repeatedly  to  and  fro,  the  oxide  of  copper 
(with  the  exception  of  that  portion  occupying  the  combustion 
tube)  is  rapidly  and  intimately  mixed  with  the  substance  to  be 
analysed.  The  cork  is  now  again  removed  from  the  open  end  of 
the  wide  tube,  and  the  combustion  tube  is  filled  in  the  same 
manner  as  before,  to  two  thirds  of  its  length,  with  oxide  of 
copper,  which  is  then  intermixed  with  the  former  mixture,  by  the 
aid  of  the  copper  wire.  The  last  third  of  the  combustion  tube  is 
now  finally  filled  with  oxide  of  copper,  in  the  usual  way,  and  the 
combustion  is  then  at  once  commenced,  without  previous  appli- 
cation of  the  exhausting  syringe.  The  object  of  this  method  of 
mixing  is  to  bring  the  oxide  of  copper  as  little  as  possible 
into  contact  with  the  air,  thus  preventing  the  absorption  of 
moisture ;  it  is  quite  evident,  therefore,  that  this  operation  must 
be  rapidly  and  skilfully  performed  to  attain  the  intended  end. 
(Many  chemists,  e.  g.  Mitscherlich,  Bunsen,  &c.,  always  proceed 
in  this  manner  when  analysing  solid  organic  compounds.)  Sub- 
stances which  volatilize  without  sufiFering  decomposition,  such  as 
camphor,  for  instance,  may  be  thrown  in  small  fragments  between 
the  oxide  of  copper. 

b.  Fluid  substances. 
a.   Volatilejluids,  (e.  g.  ethereal  oils,  alchol,  &c. 

§  144. 

The  analysis  of  organic  volatile  fluids  requires  all  the  objects 
enumerated  at  §  141,  with  the  exception  of  the  exhausting  syringe 
and  the  apparatus  serving  for  weighing  and  for  mixing ;  it  requires 
besides  these  a  glass  tube,  such  as  that  described  at  §  143  bb.,  for 
the  temporary  reception  of  the  oxide  of  copper,  and  finally  several 
small  glass  bulbs  for  the  reception  of  the  fluid  to  be  analysed. 
These  bulbs  are  prepared  in  the  following  manner : 

A  quill  tube,  made  of  moderately  thick  readily  fusible  glass  is 
drawn  out  in  the  manner  illustrated  by 
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PLATE    LXIII. 


D 


(Let  the  reader  imagine  that  the  two  extremities  of  the  tube  are  a 
foot  longer  each  than  represented  in  the  engraving.)  The  bulb  a 
is  severed  by  fusion  at  h,  and,  should  it  be  required,  the  thickened 
part  sUghUy  expand  ed ;  the  tube  is  then  again  cut  at  c.  In  this  man- 
ner 'H — 3  bulbs  are  made  of  the  shape  illustrated  by  Plate  LXIV. 
PLATE  LXIV.  The  length  of  the  ends  of  the  tube  is 

intended  to  prevent  the  bulbs  getting 
moist  whilst  being  expanded.  Two  of 
these  bulbs  are  accurately  weighed, 
subsequently  filled  with  the  fluid  to  be  analysed,  closed  by  fusion, 
and  afterwards  re-weighed.  The  filling  of  these  bulbs  is  effected 
by  heating  them  slightly  over  a  spirit  lamp  and  immersing  their 
pointed  extremities  into  the  fluid  to  be  analysed,  part  of  which 
will  now,  upon  cooling,  enter  the  bulb.  If  the  fluid  is  highly 
volatile,  the  portion  entering  the  still  warm  bulb  is  converted  into 
vapor,  which  expels  the  fluid  again  from  the  bulb ;  but  the  moment 
that  the  vapor  is  recondensed,  the  bulb  fills  the  more  completely. 
If  the  fluid  is  of  a  less  volatile  nature,  a  small  portion  only  of  it 
will  enter  into  the  bulb,  at  first ;  in  such  cases,  the  latter  is  to  be 
heated  again  to  convert  the  drop  which  has  ascended  into  the  bulb 
into  vapor,  and  the  point  is  then  again  immersed  into  the  fluid  to 
be  analysed,  when  the  bulb  will  subsequently,  upon  cooling,  fill 
completely.  The  excess  of  the  fluid  is  ejected  fi*om  the  neck  of 
the  little  bulbous  tube  by  giving  the  latter  a  sudden  jerk — the 
point  of  the  tube  is  then  closed  by  fusion.  The  combustion  tube 
is  now  prepared  for  the  process  by  introducing  into  it  firom  the 
wide  tube,  (§  143  hb.,)  a  layer  of  oxide  of  copper  occupying  about 
two  inches  in  length.  The  centre  of  the  neck  of  one  bulb  is  then 
slightly  scratched  with  a  file,  the  point  is  quickly  broken  off,  and 
the  bulb  and  point  are  dropt  into  the  combustion  tube  and  covered 
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with  a  layer  of  oxide  of  copper  of  two  to  three  inches  in  length ; — 
the  second  hulh  is  then  likewise,  and  in  the  same  manner,  dropt 
into  the  combustion  tube,  which  is  now  finally  nearly  filled  up  with 
oxide  of  copper.  A  few  gentle  taps  upon  the  table  suffice  to  create 
a  free  passage  for  the  evolved  gases.  (It  is  advisabk  to  introduce 
into  the  anterior  part  of  the  combustion  tube  small  fragments  of 
oxide  of  copper,  (§  40, 1,)  which  will  permit  the  free  passage  of 
the  gases,  even  though  the  channel  be  but  very  narrow ;  since  a 
narrow  channel  is  in  this  operation  preferable  to  a  wide  one, 
because  the  latter  is  liable  to  permit  unconsumed  vapor  to  escape 
from  the  combustion  tube.) 

The  combustion  of  highly  volatile  substances  demands  strict 
attention,  and  requires  certain  modifications  of  the  usual  method. 
The  operation  commences  by  heating  to  redness  the  smaller 
anterior  half  of  the  tube,  which  is  separated  from  the  rest  by  a 
screen,  (in  the  case  of  highly  volatile  substances  two  screens  are 
used  instead  of  one ;)  a  red-hot  charcoal  is  then  placed  behind  the 
tube,  so  as  to  heat  the  bent  and  pointed  extremity,  and  thus  to 
prevent  the  condensation  of  vapor  in  this  part.  A  red-hot  char- 
coal is  now  placed  at  that  part  of  the  tube  where  the  first  bulb 
lies ;  this  causes  the  efflux  and  evaporation  of  the  contents  of  the 
latter;  the  vapor  passes  along  over  the  surface  of  the  oxide  of  cop- 
per, suffers  combustion,  and  thus  the  evolution  of  gas  commences, 
which  is  then  mamtained  by  heating  very  gradually  the  first  and 
subsequently  the  second  bulb ;  the  operation  should  proceed 
rather  too  slowly  than  too  rapidily.  Sudden  heating  of  the  bulbs 
would  at  once  cause  such  an  impetuous  rush  of  gas  as  to  eject  the 
ley  from  the  potass  apparatus.  The  whole  tube  is  finally  sur- 
rounded with  red-hot  charcoal,  and  the  rest  of  the  operation  con- 
ducted in  the  usual  manner.  Should  the  air,  which  is  drawn 
through  the  apparatus  by  the  mouth,  taste  of  the  analysed  sub- 
stance, this  is  a  sure  sign  that  the  combustion  was  not  complete. 

p.  Fluid,  non-volatile  substances,  (fatty  or  fixed  oils.) 

§  145. 
The  combustion  of  substances  of  this  kind  is  invariably  efiected 
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with  chromate  of  lead,  or  ozide  of  copper  and  chlorate  of 
potass^  the  general  operation  being  conducted  as  directed  at 
§  142. 

The  substance  to  be  examined  is  weighed  in  a  small  tube,  and 
the  process  of  mixing  is  then  accomplished  in  the  following 
manner : 

In  the  first  place,  a  layer,  two  inches  in  length,  of  chromate 
of  lead,  or  of  oxide  of  copper  and  chlorate  of  potass,  is 
introduced  into  the  combustion  tube;  the  small  cylinder  with  the 
substance  is  then  dropt  into  the  latter  and  the  whole  of  the  oil  is 
allowed  to  flow  out  into  the  combustion  tube ;  by  turning  and  in- 
clining the  latter,  the  oil  is  made  to  flow  about  in  it,  but,  in  such  a 
manner  as  to  leave  the  upper  side  of  the  tube  (intended  for  the 
channel)  and  about  one-third  to  one-fourth  of  its  anterior  part  en* 
tirely  clean.  The  rest  of  the  tube  is  now  nearly  filled  up  with 
chromate  of  lead,  or  oxide  of  copper — ^which  has  been  cooled  in 
a  tube — taking  care  to  fill  the  little  cylinder  which  contained  the 
oil  intended  for  analysis,  completely  with  the  combustion  agent. 
The  combustion  tube  is  then  placed  in  hot  sand,  which  will 
cause  the  oil  to  acquire  a  high  degree  of  fluidity  and  thus  efiect  its 
perfect  absorption  by  the  combustion  agent;  the  exhausting 
syringe  is  then  applied,  should  this  be  necessary,  and  the  com- 
bustion is  then  proceeded  with  in  the  usual  manner.  It  is  advisable 
to  select  a  tolerably  long  tube.  Chromate  of  lead  is  usually  pre- 
ferable to  oxide  of  copper  with  chlorate  of  potass.  When  chromate 
of  lead  is  used,  a  very  intense  heat,  sufficiently  strong  to  fuse 
the  contents  of  the  tube,  is  to  be  applied  cautiously  towards  the 
end  of  the  operation. 

Solid  fats,  or  waxy  substances  which  do  not  admit  of  pulveriza- 
tion, and  consequently  of  mixing  in  the  usual  way,  are  treated  in 
a  similar  manner  to  fixed  oils.  They  are  introduced  into  a  small, 
weighed,  canoe-shaped  glass  gutter — (which  may  be  prepared  by 
cutting  a  tube  asunder  in  its  whole  length) — and  melted  ;  when 
cool,  the  little  canoe,  with  its  contents,  is  weighed  and  dropt  into 
the  combustion  tube  which  has  previously  been  filled  to  the  extent 
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of  t'vvo  inches  with  chromate  of  lead«  or  with  a  mixture  of  oxide  of 
copper  and  chlorate  of  potass.  Heat  is  then  applied  to  the  com- 
bustion tube  to  melt  the  substance,  and  thus  to  permit  its  spread- 
ing about  in  the  tube  in  the  same  manner  as  described  with 
fixed  oilsj  the  rest  of  the  operation  being  conducted  exactly  as  in 
the  latter  case. 

B.      ANALYSIS   OF    COMPOUNDS^   CONSISTING    OF  CARBON,  HYDRO- 
GEN, OXYGEN,   AND   NITROGEN. 

^    146. 

The  principle  of  the  method  applicable  to  compounds  of  this 
description,  is  in  general  this :  the  substance  to  be  analysed  is 
divided  into  two  portions — and  the  carbon  is  determined  as  car- 
bonic acid,  the  hydrogen  as  water,  in  the  (^n^  portion ;  the  nitrogen 
is  determined  in  the  other  portion,  either  in  the  gaseous  form  or 
as  double  chloride  of  platinum  and  ammonium — the  oxygen  being 
finaUy  calculated  from  the  difference  between  the  united  weight  of 
the  carbon,  hydrogen,  and  nitrogen,  and  the  original  weight  of  the 
analysed  substance. 

Since  the  presence  of  the  nitrogen  exercises  a  certain  influence 
upon  the  determination  of  the  carbon  and  hydrogen,  we  shall  have 
to  consider  here  not  simply  the  method  of  determining  the  nitro- 
gen, but  Ukewise  the  modification  which  the  presence  of  the 
nitrogen  renders  necessary  in  the  usual  method  of  determining  the 
carbon  and  hydrogen. 

a.      DETERMINATION     OF     THE      CARBON     AND     HYDROGEN     IN 
NITROGENOUS   SUBSTANCES. 

Upon  igniting  nitrogenous  substances  with  oxide  of  cop- 
per or  with  chromate  of  lead,  a  portion  of  the  nitrogen  pre- 
sent escapes  in  the  gaseous  form,  together  with  the  carbonic  acid 
and  aqueous  vapor,  whilst  another  portion  is  converted  into  nitric 
oxide  gas,  which  is  subsequently  transformed  wholly  or  partially 
into  nitrous  acid  by  the  air  present  in  the  apparatus.  The  un- 
modified application  of  the  methods  described  at  §  141,  &c.,  to 
the  analysis  of  nitrogenous  substances  would  accordingly  produce 
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a  higher  figure  for  the  carbon ;  8ince>  besides  the  carbonic  aoid^  the 
nitrons  acid  formed  and  a  portion  of  the  nitric  oxide — (which  in 
the  presence  of  potass  transposes  very  slowly  to  nitrons  acid  and 
nitrous  oxide) — ^would  be  retained  in  the  potass  apparatus.  This 
defect  may  be  remedied  by  selecting  a  combustion  tube  about  five 
or  six  inches  longer  than  those  used  for  the  combustion  of  non- 
nitrogenous  substances,  filling  this  in  the  usual  manner  to  within 
about  four  or  fiye  hiches  from  the  opening,  and  filling  this  space 
finally  up  with  a  loose  layer  of  fine  and  clean  copper  turnings, 
(§  40.  6.)  The  process  is  then  commenced  by  heating  these  cop- 
per turnings  to  redness,  in  which  state  they  must  be  maintained 
during  the  whole  course  of  the  operation«  This  is  the  only 
modification  required  to  adapt  the  above  described  methods  to 
the  analysis  of  nitrogenous  substances.  The  action  of  the  copper 
turnings  consists  in  this,  that  copper  when  in  a  state  of  ignition 
decomposes  the  whole  of  the  oxygen  compounds  of  nitrogen  into 
oxygen,  with  which  it  combines,  forming  an  oxide,  and  into 
pure  nitrogen  gas  ; — since  copper  exercises  the  action  only  when 
in  a  state  of  intense  ignition,  the  operator  has  to  take  care  to  main- 
tain the  anterior  part  of  the  tube  in  this  state  through  the  whole 
course  of  the  process. 
b.  Determination  of  the  nitrogen  in  organic   compounds. 

I  have  already  stated  above,  that  two  essentially  different  methods 
are  pursued  to  efiect  the  determination  of  nitrogen,  viz.  the  nitro. 
gen  is  either  separated  in  the  gaseous  form  and  determined  by 
measuring  the  volume  of  the  isolated  gas,  or  it  is  converted  into 
ammonia,  which  is  then  determined  as  double  chloride  of  platinum 
and  ammonium. 

a.  Determination  of  the  nitrogen  hy  separating  it  in  the 
gaseous  state  and  measuring  the  volume  of  the  separated  gas. 

The  many  joiethods  which  have  been  recommended  to  effect  this 
purpose,  may  be  brought  under  two  general  heads ;  Ist,  those 
having  for  their  principle  the  separation  and  collection  of  the  whole 
of  the  nitrogen  contained  in  a  weighed  portion  of  the  substance 
to  be  analysed;  and  2nd,  those  methods  having  for  their  principle 
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the  simple  determination  of  the  relative  proportion  betwe^  the 
evolved  carbonic  acid  and  nitrogen  gas,  from  which  proportion 
the  amount  of  nitrogen  is  subsequently  calculated.  The  latter 
methods  require,  that  the  amount  of  carbon  contained  in  the  sub- 
stance intended  for  analysis  should  be  previously  known.  The 
methods  based  upon  the  former  principle  are  denominated  quanti- 
taiive,  whilst  those  based  upon  the  latter  are  called  qualitative. 
I  will  describe  here  one  of  each,  selecting  those  which  are  readiest 
of  execution  and  yield  the  most  accurate  results. 

aa.  Qualitative  method,  (Liebig's.) 
§  147. 

This  method  is  applicable  only  when  the  amount  of  nitrogen 
contained  in  the  substance  to  be  analysed  is  considerable  in 
proportion  to  that  of  the  carbon. 

The  performance  of  this  method  requires  the  following  apparatus 
and  substances : 

1.  From  six  to  eight  accurately  graduated  tubes  of  strong  glass, 
each  about  one  foot  long  and  half  an  inch  in  diameter. 

2.  A  high  cylinder  of  strong  glass  widened  at  the  top,  (vide 
ititk,  Plate  LXVI.) 

8.  A  pipette  of  which  the  lower  mouth  is  turned  upwards, 
(vide  infra,  Plate  LXVI.) 

4.  A  quantity  of  mercury  more  than  sufficient  to  fill  the  glass 
cylinder. 

5.  A  mercurial  trough. 

6.  Potass  ley. 

7.  A  combustion  furnace  and  a  combustion  tube  two  feet  long 
and  closed  by  fusion  at  one  end ;  and  a  gas  conducting  tube, 
(vide  infra,  Plate  LXV.) 

8.  Oxide  of  copper ;  this  need  not  have  been  ignited  recently. 

9.  Copper  turnings. 

.  The  process  is  conducted  in  the  following  manner :  A  quantity 
of  oxide  of  copper,  sufficient  to  fonn  a  layer  of  two  inches  in 
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lengthy  is  introduced  into  the  posterior  part  of  the  combustion 
tube ;  a  quantity  of  about  0.6  gramme  of  the  very  finely  levi- 
gated substance  intended  for  analysis  is  then  most  intimately 
mixed  with  a  portion  of  oxide  of  copper,  sufficient  to  fill  the 
combustion  tube  to  the  extent  of  about  one  half.  This  mixture 
is  introduced  into  the  tube  and  covered  with  a  layer  of  oxide  of 
copper ;  the  rest  of  the  tube  is  then  filled  up  with  copper  turnings^ 
(these  latter  should  occupy  at  the  least  five  inches  of  the  tube). 
The  combustion  tube  thus  prepared  is  then  connected  with  the 
gas  conducting  tube,  and  placed  in  the  furnace;  the  anterior 
part  of  the  tube  is  now  surrounded  with  red-hot  charcoal,  and 
the  heating  is  gradually  proceeded  with  in  the  usual  manner  to 
that  part  of  the  tube  which  contains  the  mixture  of  the  oxide  of 
copper  with  the  substance  intended  to  be  analysed.  When  about 
one-fourth  part  of  this  is  decomposed,  and  the  atmospheric  air  is 
thus  nearly  completely  expelled  from  the  tube  by  the  products 
of  the  combustion,  one  of  the  graduated  tubes,  filled  to  the 
brim  with  mercury,*  is  placed  over  the  mouth  of  the  gas  con- 
ducting tube  which  opens  under  mercury,  and  allowed  to  fill  with 
gas  to  about  three-fourths ;  it  is  then  lifted  out  of  the  mercurial 
trough,  so  that  the  rest  of  the  mercury  flows  out ;  if,  upon  looking 
through  the  tube  in  its  whole  length,  the  operator  perceives  not 
the  slightest  red  coloration  of  the  contents,  he  may  feel  convinced 
that  the  gases  contain  no  admixture  of  nitric  oxide.  In  this 
manner,  the  graduated  tubes  are  filled  one  after  another,  (Plate 
LXV.),  the  heating  being  continued  slowly  and  uniformly.     This 

PLATE   LXV. 


*  The  best  way  of  filling  a  tube  completely  with  mercury,  so  as  to  pre- 
vent any  air-bubbles  remaining  in  it,  is  to  fill  the  tube  nearly  to  the  brim 
with  mercury,  to  close  the  aperture  with  the  finger,  to  invert  the  tube,  and 
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operation  requires  an  apparatus  permitting  the  placing  of  six  or 
eight  tabes.*  In  default  of  an  apparatus  of  this  kind,  the  ope- 
rator must  have  an  assistant  at  hand  to  hold  the  filled  tubes 
until  they  are  required  for  measurement;  care  should  be  taken  to 
mark  the  order  in  which  the  tubes  are  respectively  filled. 

When  all  the  tubes  are  filled,  the  gas  is  measured  successiyely 
in  the  following  manner.  The  tube  is,  in  the  first  place,  tho^ 
roughly  immersed  in  the  mercury  with  which  the  cylinder  illus- 
trated by 

PLATS  Lxvi.  is  filled ;  this  complete  immersion  establishes  at 
once  a  perfect  uniformity  of  temperature  between 
the  gas  and  the  mercury.  The  tube  is  then 
raised  until  the  mercury  in  it  is  on  an  exact 
level  with  that  in  the  cylinder,  when  the  volume 
is  read  off  and  noted,  (vide  §  12).  A  small 
quantity  of  potass  ley  is  then  made  to  pass  from 
the  syphon  P,  which  is  nearly  filled  with  this 
liquid,  into  the  tube ;  (this  is  effected  by  blow- 
ing cautiously  into  the  syphon).  The  syphon 
is  then  withdrawn,  and  the  absorption  of  the 
carbonic  acid  by  the  potass  ley  is  promoted  by 
moving  the  firmly  held  tube  up  and  down  in  the 
mercury,  keeping  the  opening  firmly  fixed 
against  the  wall  of  the  cylinder ;  the  tube  is  now  finally  again 
thoroughly  immersed  in  the  mercury,  raised  again  until  the  mer- 
cury in  it  is  on  an  exact  level  with  that  in  the  cylinder,  and 
the  volume  is  then  accurately  read  off.  (The  pressure  which  the 
small  column  of  potass  ley  exercises,  may  be  altogether  disre- 
garded.) The  volume  of  the  carbonic  acid  is  now  found  by  sub- 
tracting the  figure  found  in  the  second  measurement  (the  nitrogen 

to  compel  the  small  bubbles  of  air  which  may  adhere  to  the  walls  to  unite 
gradually  with  the  large  bubble  at  the  top.  The  tube  is  then  again  turned 
upwards,  and  slowly  filled  with  mercury. 

*  Compare  "  Das  chemische  Laboratorium  zu  Giessen,"  by  J.  P. 
HoPMANN,  Heidelberg,  1842* 
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gas)  from  that  noted  in  the  firsts  (nitrogen  gas + carbonic  acid 
gas). 

When  the  contents  of  the  one  tube  have  thus  been  determined, 
the  mercury  is  cleaned  by  washing  with  water  slightly  acidulated 
with  hydrochloric  acid,  and  subsequently  with  pure  water,  and 
drying  between  blotting  paper ;  the  contents  of  the  second  tube 
are  then  determined  in  the  same  manner. 

The  results  which  the  respective  measurement  of  the  contents 
of  the  various  tubes  yields  are  usually  found  tolerably  correspond- 
ing; in  mauy  instances,  however,  where  the  nitrogenous  sub- 
stance, previously  to  complete  combustion,  is  resolved  into  pro- 
ducts of  decomposition  of  different  degrees  of  volatility,  consider- 
able differences  are  observed  between  the  respective  results  af- 
forded by  the  measurement  of  the  several  tubes.  Under  all 
circumstances,  the  average  is  taken  as  the  correct  result, 
and  this  may  be  considered  the  more  accurate  and  safe,  the 
less  the  respective  results  of  the  individual  tubes  diverge 
from  it.  Should  the  first  tubes,  however,  show  a  considerably 
larger  proportion  of  nitrogen  than  those  which  are  filled  sub- 
sequently, this  is  a  sign  that  the  air  was  not  yet  completely 
expeUed  when  the  first  tubes  were  filled ;  in  this  case  the  con- 
tents of  the  first  tubes  are  not  taken  into  account. 

The  relative  proportion  of  the  carbonic  acid  to  the  nitrogen 
gas  expresses  immediately,  and  without  any  further  calculation, 
the  proportion  of  the  equivalents  of  carbon  to  those  of  nitrogen, 
since  one  equivalent  of  carbon  is  consumed  by  two  equivalents  of 
oxygen  without  altering  the  volume  of  the  latter  element^  and 
yields,  therefore,  two  volumes  of  carbonic  acid ; — and  one  equi- 
valent of  nitrogen  yields  equally  two  volumes  of  nitrogen  gas. 
Suppose  we  find  the  proportion  of  the  carbonic  acid  to  the 
nitrogen,  like  4:1,  the  analysed  compound  contains  to  four 
equivalents  of  carbon=4  x  75=300,  one  equivalent  of  nitrogen 
=175.  If  we  had  found,  therefore,  twenty-six  parts  of  carbon 
in  one  hundred  parts  of  the  analysed  substance,  the  latter  would 
contain  15.17  of  nitrogen,  since  800  :  175  :  :  26  :  ^;  ars=15.17. 
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There  is  one  irremediable  source  of  error  inherent  in  this 
method,  viz.,  it  is  impossible  to  remove  the  air  completely  from 
the  tube,  and  thus  the  resulting  figure  for  the  nitrogen  is  some- 
what too  high.  This  defect,  however,  does  not  materially  inter- 
fere with  the  determination  of  the  correct  proportion,  if  the 
relative  amount  of  nitrogen  is  considerable ;  thus,  for  instance, 
were  the  proportion  found  like  1  :  4.1,  it  would  be  evident  at 
once  that  the  correct  proportion  should  be  taken  as  1  :  4.  But 
if  the  relative  proportion  of  the  nitrogen  is  inconsiderable,  this 
defect  vitiates  the  results,  and  experience  has  proved  that  this 
method  is  no  longer  applicable  to  substances  which  contain  less 
than  one  equivalent  of  nitrogen  to  eight  equivalents  of  carbon. 

bb.  Quantitative  method.    (Dumas.) 

§148. 

This  method  is  applicable  for  the  analysis  of  all  nitrogenous  or- 
ganic compounds,  and  likewise  for  that  of  nitrates.  The  perform* 
ance  of  the  mercury  processes  requires,  besides  the  objects  enume- 
rated at  §  147,  sub.  4  to  9,  and  those  named  at  §  141,  sub.  2,  9, 
and  12,  a  barometer  and  thermometer,  and  a  graduated  glass 
cylinder  of  a  capacity  of  about  200  cubic  centimetres;  and  finally 
a  glass  plate  with  a  ground  surface,  to  cover  the  latter. 

The  combustion  tube  should  be  about  twenty-eight  inches  long, 
and  closed  at  one  end  by  fusion  in  the  manner  of  a  test  cylinder ; 
a  layer  of  dry  bicarbonate  of  soda,  from  five  to  six  inches  in 
length,  is  introduced  into  the  tube ;  this  is  followed  by  a  layer 
of  oxide  of  copper,  one  inch  and  a  half  in  length ;  an  accurately 
weighed  portion  of  the  substance  intended  for  analysis — (0.300 — 
0.600  gram.,  or  more,  in  the  case  of  compounds  containing  but 
an  inconsiderable  proportion  of  nitrogen) — ^is  most  intimately 
mixed  with  a  quantity  of  oxide  of  copper  sufficient  to  fill  the 
tube  to  about  one  half;  and  this  mixture  is  then  likewise  intro* 
duced  into  the  tube  and  covered  with  the  oxide  which  has  served 
to    rinse    the  mortar,   and    also  with   a  layer  of   pure  oxide; 
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the  tube  is  then  finally  filled  up  with  a  layer  of  copper  turnings, 
about  five  inches  in  length.  The  tube  thus  prepared  is  connected 
with  the  gas  conducting  tube  «,  (vide  irdrk,  Plate  LXVII.),  and 
placed  in  the  furnace.  The  hindmost  end  of  the  tube  (to  the 
extent  of  about  two  inches)  is  then  gradually  heated  to  redness, 
the  heat  being  prevented  by  a  screen  from  reaching  any  other 
part  of  the  tube.  The  bicarbonate  of  soda  is  decomposed  by 
the  intense  heat  applied  to  this  part  of  the  tube,  and  the  carbonio 
acid  thus  evolved  efifects  in  its  passage  the  expulsion  of  the  air 
from  the  tube.  When  the  evolution  of  gas  has  proceeded  for 
some  time,  the  extremity  of  the  gas  conducting  tube  is  immersed 
under  mercury,  and  a  test  cylinder,  filled  with  potass  ley,  placed 
over  it ;  the  red-hot  charcoals  are  then  slightly  advanced  from 
the  posterior  part  of  the  tube.  If  the  gas  bubbles  entering  the 
cylinder  are  completely  absorbed  by  the  potass  ley,  this  is  a  sign 
that  the  air  is  thoroughly  expelled  from  the  tube,  and  the  actual 
combustion  may  now  be  at  once  commenced ;  but  should  this 
not  be  the  case,  the  evolution  of  carbonic  acid  is  to  be  continued 
until  the  desired  point  is  attained.  The  gas  evolved  is  made  to 
enter  the  graduated  cylinder,  which  is  filled  to  two-thirds  with 
mercury,  and  one-third  with  strong  potass  ley,  and  placed  in  the 
mercurial  trough,  over  the  aperture  of  the  gas  conducting  tube,* 
as  the  annexed  illustration  shows. 

PLATE   LXVII. 


•  The  following  is  the  best  way  of  filling  the  cylinder  and  placing  it  over 
the  opening  of  the  f^as  conducting  tube.  The  mercury  is  introduced  first, 
and  the  air-bubbles  which  adhere  to  the  walls  of  the  vessel  are  removed 


§  148.]  DUMAS'   METHOD.  415 

The  actual  combustion  is  then  proceeded  with  in  the  usual  man- 
ner, by  heating  first  the  anterior  part  of  the  tube  to  redness,  and 
advancing  gradually  towards  the  posterior  part.  At  the  conclu- 
sion of  the  process,  the  other  half  of  the  bicarbonate  of  soda  is 
decomposed,  and  thus  the  whole  of  the  nitrogen  gas  which  still 
remains  in  the  tube  is  forced  into  the  cylinder.  The  operator 
must  now  wait  until  the  volume  of  the  gas  in  the  cylinder  de- 
creases no  longer,  even  upon  sUghtly  agitating  the  latter,  (that 
is,  until  the  whole  of  the  carbonic  acid  in  the  cylinder  has 
been  absorbed.)  The  cylinder  is  then  placed  in  a  large  and  deep 
glass  vessel,  filled  with  water,  the  safe  transport  from  the  mer- 
curial trough  to  this  vessel  being  effected  by  keeping  the  aperture 
closed  with  mercury  contained  in  a  small  basin.  The  mercury 
and  potass  ley  sink  to  the  bottom,  and  are  replaced  by  water. 
The  cylinder  is  totally  immersed  in  the  water,  and  subsequently 
raised  again  until  the  water  in  the  cylinder  is  on  an  exact  level 
with  that  in  the  vessel ;  the  volume  of  the  gas  is  then  accurately 
read  off,  and  the  temperature  of  the  water,  and  the  point  at  which 
the  barometer  stands,  are  carefully  marked;  the  weight  of  the 
nitrogen  gas  is  finally  calculated  from  its  volume,  after  previous 
reduction  to  32^  of  the  thermometer,  and  29.H  of  the  barometer, 
and  with  due  regard  to  the  tension  of  the  aqueous  vapor, — 
(compare  inirk,  *^  Calculation  of  analyses.'')  The  results  are 
generally  somewhat  too  high,  viz.,  by  about  0.2  to  0.5  per  cent. ; 
this  is  owing  to  the  circumstance,  that  even  a  protracted  trans- 
mission of  carbonic  acid  through  the  tube  fails  to  expel  every 
trace  of  the  air  adhering  to  the  oxide  of  copper. 

in  the  usual  manner.  The  potass  ley  is  then  poured  into  the  cylinder,  leav* 
ing  the  top  free,  to  the  extent  of  about  two  lines ;  this  is  then  cautiously 
filled  up  to  the  brim  with  pure  water,  and  the  ground  glass  plate  placed 
over  it.  The  cylinder  is  now  inverted,  and  the  opening  placed  under  the 
mercury  in  the  trough;  the  glass  plate  is  then  finally  withdrawn.  In 
this  manner  the  operation  may  be  performed  easily  and  without  soUing 
the  hands  with  the  ley. 
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p.    Determination  of  nitrogen  by  weight.     (Varrentrapp  and 

Will.) 

§  149. 

This  method  is  applicable  for  the  analysis  of  all  nitrogenous 
compounds,  with  the  exception  of  those  which  contain  the  ni- 
trogen in  the  form  of  nitric  acid.  It  is  based  upon  the  same 
principle  as  the  method  of  examining  organic  compounds  for 
nitrogen,  described  at  §  139,  1,  a.,  viz.,  upon  the  circumstance 
that,  when  nitrogenous  bodies  are  ignited  in  conjunction  with 
the  hydrate  of  an  alkali  metal,  the  hydration  water  of  the  latter 
is  decomposed  in  such  a  manner,  that  the  oxygen  forms  with  the 
carbon  of  the  organic  body  carbonic  acid,  which  then  combines 
with  the  alkali,  whilst  the  hydrogen  at  the  moment  of  its  libera- 
tion combines  with  the  whole  of  the  nitrogen  present,  forming 
ammonia. 

In  the  case  of  substances  containing  abundance  of  nitrogen, 
such  as  uric  acid,  mellon,  &c.,  the  whole  of  the  nitrogen  is  not 
at  once  converted  into  ammonia  at  the  commencement  of  the 
decomposition ;  but  a  portion  of  it  enters  into  combination  with 
a  part  of  the  carbon,  forming  cyanogen,  which  then  combines, 
either  as  such,  with  the  alkali  metal,  or  in  form  of  cyanic  acid, 
with  the  alkali.  Direct  experiments  have  proved,  however,  that 
even  in  such  cases  the  whole  of  the  nitrogen  is  finally  obtained 
as  ammonia,  provided  the  hydrated  alkali  be  present  in  excess, 
and  the  heat  applied  be  sufficiently  intense. 

Since  in  all  organic  nitrogenous  compounds  the  carbon  pre- 
dominates in  proportion  to  the  nitrogen,  the  oxidation  of  the 
former,  at  the  expense  of  the  water,  will  invariably  liberate  a 
quantity  of  hydrogen  more  than  sufficient  to  convert  the  whole 
of  the  nitrogen  present  into  ammonia ;  thus,  for  instance, 

C,  N  +  4  H0==2  CO,  +  NH,+H. 
The  excess  of  the  liberated  hydrogen  escapes  either  in  the  free 
state,  or  in  combination  with  the  not  yet  oxidized  carbon,  aa 
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marsh  gas,  or  olefiant  gas,  or  vapor  of  readily  condensable  car- 
burets of  hydrogen,  according  to  the  respective  proportions  and 
the  temperature ;  these  gases  serve  in  a  certain  measure  to  dilute 
the  ammonia.  Since  this  state  of  dilution  of  the  ammonia  is 
necessary  for  the  success  of  the  operation,  I  will  remark  at  once 
in  this  place,  that  it  may  be  produced  at  pleasure  by  admixing 
non-nitrogenous  substances — sugar,  for  instance-— in  greater  or  less 
proportion,  to  substances  containing  a  copious  amount  of  nitrogen. 
The  other  parts  of  the  practical  process,  (such  as  the  collection 
and  determination  of  the  ammonia)  require  no  theoretical  explana- 
tion. 

aa.  Apparatus  and  other  objects  required  for  the  process, 

1.  The  objects  enumerated  at  §  141,  sub.  2,  9,  and  12. 

2.  A  COMBUSTION  TUBE,  from  sixteen  to  eighteen  inches  in 
length,  and  about  three  lines  in  diameter,  bent  obliquely  upwards, 
and  drawn  out  in  a  point  at  its  posterior  end,  and  with  rounded  and 
smoothed  edges,  at  its  anterior  end,  (vide  §  141,  8).  The  com- 
bustion  is  conducted  in  a  common  combustion  furnace,  (§  141, 
13.) 

3.  SoDA-LiME.  Mixture  of  caustic  lime  with  hydrate  of 
soda,  §  40,  4.  It  is  advisable  to  heat  a  sufficient  portion  of  the 
soda-lime  gently  in  a  platinum — or  porcelain — ^basin,  in  order 
to  procure  a  perfectly  dry  mixture  for  combustion.  In  the  ana- 
lysis of  non-volatile  substances,  the  best  way  is  to  use  the  soda*- 
lime  while  yet  warm. 

4.  Asbestos. — ^A  small  portion  of  this  substance  is  to  be  tho- 
roughly ignited  in  a  platinum  crucible  previously  to  use. 

5.  A  Varrentrapp  and  Will's  bulb  apparatus,  as  illustrated 
in  Plate  LXVIII.,  (vide  infra). 

This  apparatus  may  be  procured  at  any  chemical  appa- 
ratus and  instrument  warehouse.  It  is  filled  with  hydrochloric 
acid  of  1.13  specific  weight  to  the  point  indicated  in  the  engrav- 
ing ;  the  filling  is  effected  by  dipping  the  point  into  the  acid, 
and  applying  suction  to  the  end  d, 

6.  A  soft,  well-perforated  cork,  which  closes  the  combustion 

E   E 
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tube  air-tight,  and  into  the  perforated  hole  of  which  the  tube  d  of 
the  bulb  apparatus  fits  closely. 

7.  A  SUCTION  TUBE  filled  with  hydrate  of  potass,  and  closed 
at  its  anterior  end  with  a  perforated  cork,  of  which  the  hole  is 
adapted  to  admit  the  point  of  the  bulb  apparatus. 

For  the  reagents,  &c.,  requisite  for  the  subsequent  treatment 
of  the  fluid  obtained  in  the  process  of  combustion,  I  refer  to  the 
end  of  this  paragraph. 

bb.  The  process. 

The  combustion  tube  is  filled  to  one  half  with  soda-lime,  which 
is  then  gradually  transferred  to  the  perfectly  dry,  and,  if  prac- 
ticable, still  warm  mortar,  where  it  is  most  intimately  mixed  with 
the  weighed  substance,  (compare  §  141,)  forcible  pressure 
being  carefiilly  avoided ;  a  layer  of  soda- lime,  of  about  one  inch 
in  length,  is  now  introduced  into  the  combustion  tube,  and  placed 
at  the  remotest  end ;  this  is  followed  by  the  mixture,  which  will 
occupy  about  nine  inches  of  the  tube ;  the  mixture  is  covered 
with  a  layer  of  about  two  inches  of  soda- lime,  which  has  been 
used  to  rinse  the  mortar,  and  this  is  again  covered  finally  with 
a  layer  of  about  five  inches  of  pure  soda-lime,  so  that  about  one 
inch  of  the  tube  remains  clear.  The  tube  is  then  closed  with  a 
loose  asbestos  stopper,  and  a  canal  for  the  free  passage  of  the 
evolved  gases  formed  by  a  few  gentle  taps;  the  tube  is  now 
connected  with  the  bulb  apparatus  by  means  of  the  perforated 
cork,  and  is  then  finally  placed  in  the  combustion  furnace. 

Plate  LXVIII  shows  the  arrangement  of  the  whole  apparatus. 

plate   LXVIII. 
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The  apparatus  being  thus  prepared,  the  operator  has  now  to 
ascertain  in  the  first  place  whether  it  is  airtight;  this  is 
done  by  holding  a  red-hot  charcoal  to  the  bulb  a,  to  expel 
some  air  from  the  apparatus ;  and  watching  whether  the  fluid  will, 
upon  subsequent  refrigeration,  assume  a  higher  position  in  a  than 
in  the  other  limb,  and  whether  this  position  will  remain  constant. 
The  tube  is  then  gradually  surrounded  with  red-hot  charcoal, 
commencing  at  the  anterior  part,  and  progressing  slowly  to  the 
posterior  end,  the  rest  of  the  process  being  conducted  as  in 
common  combustion,  (vide  ^  141).  The  operator  should  take 
care  to  keep  the  anterior  part  of  the  tube  tolerably  hot  through- 
out the  process,  since  this  will  almost  entirely  preclude  the  pas- 
sage of  fluid  carburets  of  hydrogen,  the  presence  of  which  in  the 
hydrochloric  acid  would  prove  injurious.  The  asbestos  stopper 
should  be  kept  sufiiciently  hot  to  guard  against  its  retaining 
water,  since,  were  this  point  neglected,  some  ammonia  might  be 
retained  in  conjunction  with  the  aqueous  vapor.  The  combustion 
should  be  conducted  in  such  a  manner  as  to  maintain  a  constant 
and  uninterrupted  evolution  of  gas ;  the  operator  need  not  fear  that 
any  of  the  ammonia  will  escape  unabsorbed,  even  though  the 
evolution  be  rather  brisk  ;  there  is  far  more  danger  of  the  hydro- 
chloric acid  receding  the  very  moment  the  gas  evolution  stops, 
and  this  will  indeed  take  place  in  some  instances  with  such  im- 
petuosity as  to  force  the  acid  into  the  combustion  tube,  which 
of  course  would  spoil  the  whole  analysis.  When  operating 
upon  compounds  containing  a  very  large  proportional  amount  of 
nitrogen,  even  the  greatest  care  and  caution  in  conducting  the 
combustion  process  will  prove  unavailing  against  the  powerful 
tendency  of  the  hydrochloric  acid  to  force  its  way  into  the 
tube,  which  is  nearly  filled  exclusively  with  ammoniacal  gas. 
This  may,  however,  be  readily  remediedby  mixing  with  the  sub- 
stance analysed  an  equal  amount  of  sugar,since  this  will  give  rise 
to  the  evolution  of  other  and  more  permanent  gases  which  will 
serve  to  dilute  the  ammonia. 

When  the  tube  is  ignited  in  its  whole  length,  and  the  gas 
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evolution  has  totally  ceased,  (this  is  indicated  by  the  mix- 
ture re-assuming  its  white  appearance,  which  shows  that 
the  whole  of  the  carbon  which  had  separated  upon  the  surface  of 
the  mixture  is  oxidized,)  the  point  of  the  combustion  tube  is 
broken  oflf,  and  a  certain  volume  of  air  (three  or  four  times  the 
volume  of  the  tube)  is  drawn  through  the  bulb  apparatus,  in 
order  to  force  the  whole  of  the  ammonia,  which  may  still  linger 
in  the  tube,  into  the  apparatus;  the  suction  tube  filled  with 
hydrate  of  potass  is  used  for  this  purpose,  in  order  to  avoid  in- 
haling any  acid  Aimes. 

Fluid  nitrogenous  compounds  are  weighed  in  small  sealed  glass 
bulbs,  and  the  process  in  general  is  conducted  as  directed  at 
§  144,  (determination  of  carbon,)  with  this  difference,  that  soda- 
lime  is  substituted  for  oxide  of  copper.  It  is  advisable  to  employ 
tubes  of  greater  length  for  the  combustion  of  fluids  than  are 
required  for  that  of  solid  nitrogenous  bodies.  The  best  way  of 
conducting  the  operation  is  to  ignite,  in  the  first  place,  about 
one-third  of  the  tube  at  the  anterior  end,  and  to  heat  subsequently 
the  posterior  end  so,  as  to  force  the  substance  to  be  analysed  out 
of  the  bulbs,  when  it  will  become  diffused  in  the  central  part  of 
the  tube  without  sufiering  decomposition  in  that  part.  If  the 
application  of  an  ignition  heat  be  now  gradually  proceeded  witli, 
progressing  slowly  from  the  anterior  to  the  posterior  end,  it  will 
be  very  easy  to  maintain  a  steady  and  uniform  evolution  of 
gas. 

When  the  combustion  is  accomplished,  the  bulb  apparatus  is 
emptied  (through  the  aperture  at  the  point)  into  a  small  porce- 
lain dish,  and  subsequently  rinsed,  first  with  a  mixture  of  alcohol 
and  ether,  and  finally  with  water  until  the  rinsings  cease  to  mani- 
fest acid  reaction.  (The  rinsing  with  a  mixture  of  alcohol  and 
ether  is  intended  to  effect  the  solution  and  removal  of  certain 
fluid  carburets  of  hydrogen  which  are  present  in  some  instances, 
and  shielding  the  internal  surface  of  the  bulb  apparatus  from  the 
contact  of  water,  render  all  attempts  at  thorough  rinsing  with 
the  latter  fluid  ineffectual.)     Solution  of  pure  bichloride  of  pla- 
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tinum  is  added  in  excess  to  the  fluid,  and  the  mixture  is  subse- 
quently evaporated  to  dryness  in  a  water-hath,  heated  by  a  spirit- 
lamp  ;  (§  22,  Plate  XIV.) ;  a  mixture  of  two  volumes  of  strong 
alcohol  and  one  volume  of  ether  is  then  poured  over  the  residue. 
If  the  fluid  acquires  a  bright  yellow  color,  this  is  a  sure  sign 
that  the  quantity  of  bichloride  of  platinum  added  was  sufficient 
for  the  intended  purpose ;  if  not,  a  fresh  portion  of  this  sub- 
stance must  be  added.  The  undissolved  double  chloride  of  plar 
dnum  and  ammonia  is  finally  collected  upon  a  tared  filter,  dried 
at  212°,  washed  with  the  above-mentioned  mixture  of  alcohol 
and  ether,  dried,  and  finally  weighed,  (compare  §  73).  This 
double  chloride  of  platinum  and  ammonium  is  not  in- 
variably of  a  pure  bright  yellow  color,  but  sometimes  of  a 
darker  or  brownish  yellow.  This  is  the  case,  especially  with 
difficultly  combustible  substances  containing  abundance  of  car- 
bon, since  it  is  less  easy  in  such  instances  to  avoid  the  formation 
of  fluid  carburets  of  hydrogen,  which  impart  a  black  tint  to  the 
hydrochloric  acid  upon  the  subsequent  evaporation.  Direct 
experiments  have  proved,  however,  that  this  darker  coloration 
of  the  precipitate  does  not  perceptibly  impair  the  accuracy  of  the 
results.  The  purity  of  the  double  chloride  of  platinum  and  am- 
monium produced  may  be  tested  by  reducing  this  substance  to 
the  state  of  metallic  platinum,  according  to  the  directions  given 
at  §  94  ;  the  application  of  this  test,  however,  will  be  necessary 
only  in  very  rare  instances. 

The  results  are  very  accurate;  usually  somewhat  too  low, 
(about  from  0.1  to  0.2  per  cent.)  which  is  owing  to  a  circum- 
stance common  to  all  analyses,  viz.,  that  traces  of  salammoniac 
fumes  escape  condensation  in  the  absorption  apparatus,  and  are 
carried  off  witl)  the  permanent  gases.  The  results  happen  some- 
times also  to  be  too  high ;  this  is  mostly  owing  to  the  impurity  of 
the  bichloride  of  platinum  used. 
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C.  Analysis  of  sulphuretted  organic  compounds. 
§  160. 

Were  it  attempted  to  detennine  the  amount  of  carbon  contained 
in  sulphuretted  organic  compounds,  in  the  usual  manner  by  com- 
bustion with  oxide  of  copper  or  chromate  of  lead,  the  results 
obtained  would  be  too  high,  since  part  of  the  sulphur  would  form 
sulphurous  acid,  which  would  subsequently  be  absorbed  in  the 
potass  apparatus,  with  the  carbonic  acid*  To  remedy  this, 
it  is  necessary  to  place  between  the  chloride  of  calcium  tube 
and  the  potass  apparatus  a  tube  fix>m  four  to  five  inches  long 
filled  with  perfectly  dry  peroxide  of  lead.  The  latter  substance 
absorbs  the  sulphurous  acid  and  completely  transposing  with  it  to 
sulphate  of  lead,  (Pb  0,  +  SO,=Pb  O,  SO,,)  and  thus  the 
carbonic  acid  alone  finds  its  way  to  the  potass  apparatus.  The 
presence  of  sulphur  exercises  no  modifying  influence  upon  the 
methods  described  at  §§  148  and  149  for  the  quantitative  deter- 
mination of  nitrogen.  With  regard  to  the  determination  of  the 
amount  of  sulphur  present  in  sulphuretted  organic  compounds,  I 
have  to  state  that  the  sulphur  is  invariably  weighed  in  the  form  of 
sulphate  of  barytes,  into  which  it  may  be  converted  either  in  the 
dry  or  in  the  humid  way  ;  the  former,  however,  is  preferable  to 
the  latter. 

1.  The  weighed  substance  under  examination  is  mixed  with 
carbonate  of  barytes  and  nitrate  of  potass  in  the  proportion  of  two 
parts  of  the  former  salt  to  one  part  of  the  latter  ;  the  mixture  is 
introduced  into  a  short  and  narrow  combustion  tube  and  covered 
with  a  layer  of  carbonate  of  barytes  and  nitrate  of  potass.  The 
combustion  tube  is  then  heated  to  redness,  progressing  from  the 
anterior  to  the  posterior  part,  and  subsequently  removed  firom  the 
furnace,  cleaned  of  the  ashes  which  adhere  to  the  surface  of  the 
glass,  and  placed  upright  iuto  a  tall  cylinder,  which  is  then  filled 
up  with  very  dilute  hydrochloric  acid,  covered  with  a  watch-glass, 
and  allowed  to  stand  at  rest  for  some  time,  when  the  nitrate  of  potass, 
together  with  the  undecomposed  portion  of  the  carbonate  of  barytes, 
will  dissolve,  while  the  new-formed  sulphate  of  barytes  remains  un- 
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dissolved.  The  latter^  after  previous  filtration^  is  determined 
according  to  the  directions  of  §  100.  Volatile  sulphuretted  or- 
ganic compounds  are  weighed  in  one  or  two  small  glass  bulbs,  and 
the  fumes  subsequently  transmitted  over  the  ignited  mixture  of 
carbonate  of  barytes  and  nitrate  of  potass.     Compare  §  144. 

2.  The  substance  under  examination  is  acted  upon  with  red 
fuming  nitric  acid,  or  with  a  mixture  of  nitric  acid  and  chlorate  of 
potass,  until  the  whole  of  the  substance  is  oxidized ;  towards  the 
end  of  the  process,  the  action  of  the  oxidizing  agents  may  be  aided 
by  the  application  of  heat  should  this  be  necessary.  Volatile 
sulphuretted  organic  compounds  are  weighed  in  a  small  glass 
bulb,  (§  144,)  the  point  of  the  latter  is  subsequently  broken  off 
and,  together  with  the  bulb,  dropped  into  a  tall  flask  with  a  nar- 
row neck,  containing  the  very  strongest  red  fuming  nitric  acid. 
The  action  of  the  acid  proceeds  slowly  in  this  case,  since  the  acid 
is  compelled  to  force  its  way  through  the  narrow  aperture  at  the 
point  of  the  bulb  ;  by  placing  the  flask  in  an  oblique  position,  and 
taking  care  to  keep  the  neck  cool,  the  operation  may  be  performed 
without  suffering  the  slightest  loss  of  substance.  The  nitric  acid 
which  contains  now  the  new-formed  sulphuric  acid,  is  finally 
treated  according  to  the  directions  given  at§  100.  If  the  sul- 
phuretted compound  contains  oxygen,  the  amount  of  the  latter 
is  indicated  by  the  difference  between  the  united  estimated 
weight  of  the  sulphur,  carbon,  &c.,  and  the  original  weight  of  the 
analysed  compound. 

D.  Analysis  of  organic  compounds  containing  chlorine. 

.§  151. 
The  combustion  of  chlorinated  organic  compounds  with  oxide 
of  copper  gives  rise  to  the  formation  of  subchloride  of  copper, 
which,  were  the  process  conducted  in  the  usual  manner,  would 
condense  in  the  chloride  of  calcium  tube,  and  would  thus  vitiate 
the  determination  of  the  hydrogen.  This,  and  every  other  source 
of  error,  may  be  readily  remedied,  however,  by  simply  substituting 
chromate  of  lead  for  oxide  of  copper,  and  conducting  the  process 
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strictly  according  to  the  directions  given  at  §  142.  The  chlorine 
is,  in  that  case,  converted  into  chloride  of  lead,  and  remains  as 
sach  in  the  comhnstion  tabe. 

With  regard  to  the  determination  of  the  amount  of  chlorine 
present  in  chlorinated  organic  compounds,  this  is  invariably  ef- 
fected by  converting  the  chlorine  into  chloride  of  silver,  in  the 
following  manner : 

The  substance  under  examination  is  ignited  in  a  combustion 
tube,  with  a  mixture  of  three  parts  of  hydrated  lime  and  one 
part  of  hydrated  soda,  (§  40,  4).  (If  the  substance  to  be 
analysed  be  volatile,  the  vapors  are  to  be  transmitted  over  the 
ignited  mixture  of  hydrate  of  lime  and  hydrate  of  soda,  compare 
§  149.)  The  ignited  mass  is  subsequently  dissolved  in  highly 
dilute  nitric  acid,  and  the  solution  is  finally  precipitated  with 
nitrate  of  silver,  (compare  §  107.)  In  the  analysis  of  chlorinated 
organic  compounds  of  an  acid  nature,  (e.  g.  chlorosalicylic  acid,)  the 
chlorine  may  frequently  be  determined  in  a  more  simple  manner, 
viz.,  by  dissolving  the  substance  under  examination  in  an  excess 
of  dilute  potass  ley,  evaporating  the  solution  to  dryness  and 
igniting  the  residue;  this  process  will,  in  such  cases,  convert  the 
whole  of  the  chlorine  present  into  a  soluble  metallic  chloride. — 
(LowiG.) 

Organic  compounds  containing  bromine  are  analyzed  in  the 
same  manner. 

E.  Analysis  of  organic   compounds   containing  inorganic 

BODIES   IN   admixture. 

§  152.- 

In  the  analysis  of  organic  compounds  containing  inorganic 
bodies  in  admixture,  it  is,  of  course,  necessary  to  ascertain  first  the 
amount  of  the  latter  before  proceeding  to  the  determination  of  the 
carbon,  since  otherwise,  the  amount  of  the  organic  substance, 
the  constituents  of  which  have  furnished  the  carbonic  acid,  water, 
&c.,  not  being  known,  it  would   be  impossible  to  estimate  tlie 
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amount  of  oxygen  present  in  the  organic  compound,  from  the 
difiFerence  between  the  united  estimated  weight  of  the  carbon, 
hydrogen^  Sco.,  and  the  original  weight  of  the  analysed  com-* 
pound. 

If  the  bodies  in  question  are  salts  or  similar  compounds,  their 
bases  are  to  be  determined  respectively  by  the  methods  described  in 
the  fourth  section;  but  in  cases  where  the  inorganic  admixtures  are 
to  be  looked  upon  more  or  less  as  contaminations  of  the  organic 
substance  to  be  analysed, — (e.  g.  lime  in  gum  arable) — their  quan- 
tity may  usually  be  determined  with  sufficient  accuracy  by  the 
combustion  of  a  weighed  portion  of  the  substance  in  an  obliquely 
placed  platinum  crucible.  Substances  which  contain  fusible  salts 
frequently  resist  total  combustion  even  upon  long- continued  igni- 
tion, the  charcoal  of  the  fused  salt  being  protected  against  the 
action  of  the  oxygen  The  best  way  of  attaining  the  end  in  view  in 
such  cases,  is  to  carbonize  the  substance  under  examination,  to 
extract  the  carbonized  mass  subsequently  with  water,  and  to 
incinerate  the  residue ;  the  aqueous  solution  is,  of  course,  likewise 
evaporated  to  dryness,  and  the  weight  of  the  residue  added  to  that 
of  the  ashes. 

If  the  compound,  the  ashes  of  tehich  contain  potass,  soda^ 
barytes,  lime,  or  strontia,  is  burnt  with  oxide  of  copper,  part  of 
the  carbonic  acid  evolved  remains  behind  in  combination  with  these 
alkalies  or  earths.  Since  the  amount  of  carbonic  acid  thus  retained 
is  not  constant,  and  since  the  results  are,  at  all  events,  more 
accurate,  if  the  -  whole  amount  of  the  carbon  is  expelled  as  car* 
bonic  acid,  and  weighed  as  such ;  the  oxide  of  copper  is  to  be 
mixed  with  substances  which  will  effect  the  decomposition  of  the 
carbonates  at  a  high  temperature,  e.  g.,  with  oxide  of  antimony, 
phosphate  of  copper,  Ac. ;  or  the  combustion  is  to  be  effected 
with  chromate  of  lead  according  to  the  directions  given  at 
§  J  42,  recommend  the  latter  method.  Precise  experiments 
have  shown  that  not  a  trace  of  carbonic  acid  remains 
behind  in  combination  with  the  above  enumerated  bases,  if 
the  combustion  is  effected  with  chromate  of  load :  the  fusion  of  an 
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alkaline  carbonate,  in  conjunction  with  neutral  cbromate  of  lead, 
giving  rise  to  the  formation  of  basic  cbromate  of  lead  and  neutral 
alkaline  cbromate,  whilst  the  whole  of  the  carbonic  acid  escapes, 
[2  (Pb  0,  Cr  0,)  +  Ba  O,  C  0,=2  Pb  O,  Cr  0,+Ba  O,  Cr  O, 
+  C0,.] 

in.    Determination    of    the   atomic   weight   of    organic 

COMPOUNDS. 

The  methods  of  determining  the  atomic  weight  of  organic  com- 
pounds di£fer  essentially  from  one  another,  according  to  the  nature 
and  properties  of  the  various  compounds.  There  are  three 
general  methods  to  attain  the  end  in  view,  viz., 

§  153. 

1.  We  take  a  substance  of  known  atomic  weight  and 
determine  the  exact  proportional  amount  of  this  sub- 
stance, which  forms  a  characterized  and  definffe  com- 
pound with  the  body  of  which  we  want  to  determine 
the  atomic  weight. 

This  method  is  pursued  in  determining  the  atomic  weight  of  the 
organic  acids  and  organic  bases,  and  of  many  indifferent  bodies 
possessing  the  property  of  entering  into  combination  with  bases. 
I  shall,  in  this  place,  simply  describe  the  performance  of  the 
analytical  process ;  for  the  manner  in  which  the  atomic  weight  is 
calculated  from  the  results  obtained,  I  refer  to  the  chapter  on  cal- 
culation of  the  analyses. 

a.  The  atomic  weight  of  organic  acids  is  in  most  cases  deter- 
mined from  their  respective  silver  salts,  because  the  analysis  of 
these  salts  is  very  simple,  and  there  is  commonly  the  positive 
certainty  that  the  analysed  salt  is  not  a  basic  or  hydra- 
ted  compound  Other  salts  are,  however,  frequently  used  for 
the  same  purpose,  particularly  the  lead,  barytes,  and  lime  salts 
of  organic  acids.  (In  the  analysis  of  the  lead  salts  of  organic 
acids,  especial  care  should  be  taken  not  to  mistake  basic  for  neu- 
tral salts,  whilst  in  the  analysis  of  the  barytes  and  lime  salts  the 
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mistaking  hydrated  for  anhydrous  salts  is  to  be  more  particularly 
guarded  against.)  For  the  manner  in  which  the  quantitative  de- 
termination of  the  bases  in  question  is  effected,  I  refer  to  section 
IV.  I. 

h.  The  atomic  weight  of  alkaloids  forming  crystallizable  salts 
with  sulphuric  acid,  hydrochloric  acid,  or  any  other  readily  deter- 
minable acid,  is  best  ascertained  by  estimating  the  proportion  of 
the  acid  contained  in  a  weighed  portion  of  the  salts.  For  the 
manner  in  which  the  quantitative  estimation  of  the  respective  acids 
is  effected,  I  refer  to  section  IV,  II. 

If  the  salts  do  not  crystallize,  a  weighed  amount  of  the  dried 
alkaloid  under  examination,  is  introduced  into  a  bulbous  tube, 
which  is  then  accurately  weighed  with  its  contents ;  a  slow  stream 
of  dry  hydrochloric  acid  gas  is  now  transmitted  through  the  tube ; 
the  transmission  of  the  hydrochloric  gas  is  continued  for  some  time, 
and  finally  succeeded  by  that  of  atmospheric  air ;  the  amount  of 
hydrochloric  acid  absorbed  is  found  from  the  increase  in  weight 
which  the  tube  gains  in  the  process.  The  accuracy  of  the  results 
may  be  controlled  by  dissolving  the  new-formed  hydrochlorate  in 
water  and  precipitating  the  chlorine  from  this  solution,  by  means 
of  nitrate  of  silver.  (Liebig).  The  atomic  weight  of  the  alkaloids 
may  be  determined  also  from  the  insoluble  double  salts 
produced  by  precipitating  the  solutions  of  their  hydrochlorates  with 
bichloride  of  platinum ;  the  double  chlorides  thus  produced  are 
cautiously  ignited  (§  94.  a.)  and  the  residuary  platinum  is 
accurately  weighed. 

c.  In  the  case  of  indifferent  bodies,  such  as  gum,  sugar, 
starch,  extractive  matter,  &c.,  we  have  usually  no  other  choice 
than  to  determine  their  atomic  weight  from  the  analysis  of  their 
lead  compounds,  since  these  substances  either  refuse  altogether  to 
enter  into  combination  with  other  bases  besides  lead,  or  form  with 
them  compounds  only  which  it  is  impossible  to  obtain  in  a  state 
of  perfect  purity. 
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§    154. 

2.  We   ascertain   the  specific  weight  of  the  vapor  of 

THE   compound   UNDER  EXAMINATION. 

The  following  are  the  outlines  of  Dumas'  method^  which  I  shall 
immediately  after  proceed  to  describe  more  in  detail:  a  glass 
vessel  filled  with  dry  air,  and  the  exact  capacity  of  which  is  subse- 
quently ascertained,  is  accurately  weighed ;  the  weight  of  the  air 
which  the  vessel  contains  at  the  temperature,  and  atmospheric 
pressure,  noticed  during  the  process  of  weighing,  is  calculated  and 
subtracted  from  the  first  weight:  the  diflFerence  expresses  the 
weight  of  the  exhausted  vessel.  A  more  than  suflScient  portion 
of  the  substance,  the  density  of  the  vapor  of  which  it  is  intended 
to  determine,  is  then  introduced  into  the  balloon,  and  the  latter  is 
exposed  to  a  uniform  temperature  exceeding  the  boiling  point  of 
the  substance,  until  this  is  completely  converted  into  vapor,  and 
the  excess  is  expelled  together  with  the  atmospheric  air  originally 
contained  in  the  balloon ;  the  balloon  is  then  closed  air-tight,  and 
accurately  weighed.  By  subtracting  from  the  resulting  weight, 
that  of  the  perfectly  exhausted  balloon,  as  previously  ascertained, 
we  find  the  exact  weight  of  a  given  volume  of  the  vapor,  (viz.  the 
volume  corresponding  to  the  capacity  of  the  balloon,)  and  we 
have  consequently  now  the  necessary  data  for  calculating  the 
specific  weight  of  the  vapor. 

I  think  I  need  hardly  mention  tliat  the  volume  of  the  vapor 
requires  to  be  reduced  first  upon  the  normal  state  of  the  barometer, 
and  82®  (0°  C)  of  the  thermometer,  and  consequently  that 
the  state  of  the  barometer  and  of  the  thermometer  must  be  cor- 
rectly noted  both  during  the  process  of  the  first  weighing,  and  at 
the  time  of  sealing  the  balloon. 

This  method  is  of  course  applicable  only  to  such  substances  as 
volatilize  without  suffering  decomposition;  to  obtain  accurate 
results,  it  is  indispensable  that  the  examined  substance  be  per- 
fectly pure.  I  will  now  proceed  to  enumerate  the  apparatus,  &c., 
and  to  describe  the  practical  process.      For  the  manner  of  cor- 
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reeling   and   calculating  the  results,  I  refer  to  the  chapter  on 
"  Calculation  of  Analyses." 

a.  Apparatus  and  other  requisites. 

1.  The  substance. — ^From  six  to  eight  grammes  are  required. 
The  boiling  point  of  the  substance  must  be  pretty  accurately 
known. 

2.  A  glass  balloon  with  drawn-out  neck. — ^A  common 
balloon  of  pure  glass,  free  from  flaws,  holding  from  260  to  t500 
cubic  centimeters  is  carefully  mixed  with  water,  and  afterwards 
thoroughly  dried;  it  is  then  completely  exhausted,  and  dry  air 
subsequently  re-admitted;  these  alternate  exhaustions  and  re- 
admissions  of  dry  air  are  repeated  several  times  (the  apparatus 
illustrated  by  Plate  LIX.,  §  141,  is  used  for  this  purpose).  The 
neck  of  the  balloon  is  then  softened  near  the  bulb,  and  drawn  out 
in  the  manner  indicated  by 

The  extreme  point  is  cut 
oflF  and  the  borders  are 
slightly    rounded    over    the 

PLATE    LXTX.  .  .     ."^  ,   . 

spmt  lamp ;  (since,  it  is  ne- 
cessary, at  a  subsequent  stage 
of  the  process,  to  close  this 
point  air-tight,    with    great 
rapidity,  it  is  advisable  to  as- 
certain,  in   the   first   place, 
whether  the  glass  of  the  bal- 
loon   is    readily  fusible    or 
not;    this  may  be  done  by 
trying  to  seal  the  point  of  the  original  neck  of  the  balloon, 
previously  to  drawing  it  out ;  should  this  present  any  difficulty, 
the  balloon  is  totally  unfit  for  the  purpose  in  view). 

3.  A  SMALL  IRON  OR  COPPER  BOILER  foT  the  rcceptiou  of  the 
fluid  in  which  the  balloon  is  to  be  heated  (vide  infra,  Plate  LXX.) 
The  fluid  which  is  to  serve  as  bath,  must  admit  of  being  heated  to 
36  degrees  at  the  least  beyond  the  boiling  point  of  the  substance 
under  examination.     It  is  preferable  that  the  bath  should  admit 
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being  heated  to  from  54  to  72  degrees  beyond  the  boiling  point 
of  the  substance;  water  or  oil  will  answer  the  purpose  in  all 
cases ;  a  chloride  of  calcium  bath,  however,  is  more  convenient 
than  an  oil  bath,  because  the  balloon  may  be  more  readily  cleaned ; 
the  temperature  of  a  perfectly  saturated  chloride  of  calcium  bath 
may  be  raised  to  366°. 

4.  An  apparatus  to  fix  the  balloon. — ^This  may  be  readily 
made  of  a  stick  or  rod  and  some  iron  wire.  During  the  opera- 
tion, this  is  supported  by  the  arm  of  a  retort  stand  (vide  infira, 
Plate  LXX. 

5.  A  quantity  of  mercury  more  than  sufficient  to  fill  the 
balloon. 

6.  An  accurately  graduated  measuring  tube  of  about  100 
cubic  centrimeters  capacity. 

7.  Spirit-lamp  and  blow-pipe. 

8.  A  correct  barometer. 

9.  A  correct  thermometer  able  to  rise  as  high  as  the  re- 
spective case  under  examination  may  require. 

b.  Practical  process. 

a.  The  balloon  is  equipoised  in  the  balance;  a  thermometer 
being  placed  at  the  same  time  within  the  balance  case.  The 
balloon  is  allowed  to  remain  for  ten  minutes  undisturbed  in  the 
scale,  to  ascertain  whether  its  weight  remains  constant.  If  so, 
the  weight  of  the  balloon  is  noted,  together  with  the  state  of 
the  barometer  and  thermometer,  placed  within  the  case  of  the 
balance. 

P,  About  eight  granmies  of  the  substance  which  it  is  intended 
to  examine,  are  introduced  into  a  glass ;  should  the  substance  be 
solid,  it  is  necessary  to  liquify  it  by  the  application  of  a  gentle 
heat.  The  balloon  is  gently  heated,  and  its  point  is  dipped  deep 
into  the  fluid  in  the  glass ;  (should  the  substance  under  examination 
have  a  very  high  fusing  point,  the  neck  and  point  of  the  balloon 
will  likewise  require  heating,  to  guard  against  the  entering  fluid 
solidifying  in  the  neck).  As  soon  as  the  balloon  cools,  (which  in 
the   case   of  very  volatile   substances,   may   be   accelerated   by 
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dropping  ether  upon  it,)  the  fluid  enters  and  spreads  in  the 
balloon ;  the  operator  should  not  allow  more  than  from  five  to 
seven  grammes  to  enter. 

y.  The  contents  of  the  little  boiler  (3)  are  heated  to  from  104° 
to  122^  and  the  balloon,  together  with  a  thermometer,  are 
immersed  in  the  bath  as  illustrated  in  Plate  LXX. 

The  temperature  of  the 
bath  is  then  increased  to  the 
desired  point.*  As  soon  as 
the  temperature  in  the  bal- 
loon has  risen  somewhat  be- 
yond the  boiling  point  of  the 
substance,  the  vapor  of 
the  latter  rushes  out  at  the 
point;  the  force  of  the 
stream  increases  at  first  with 
the  temperature  of  the  bath, 
but  diminishes  subsequently  by  degrees,  and  ceases  finally  altogether 
(after  the  lapse  of  about  fifteen  minutes.)  Should  any  of  the 
vapor  have  condensed  into  drops  in  the  point  of  the  balloon  which 
protrudes  beyond  the  surface  of  the  bath,  this  may  be  at  once 
reconverted  into  vapor  by  moving  a  red-hot  charcoal  to  and  fro 
along  the  protuding  part.  The  moment  that  a  perfect  equilibrium 
is  frilly  established  at  the  desired  temperature,  the  point  of  the 
balloon  is  rapidly  sealed  air-tight,  by  means  of  a  spirit-lamp  and 
blow-pipe,  and  the  state  of  the  thermometer  is  noted  immediately 
after.  A  very  simple  test  will  show  whether  the  point  is  sealed 
really  air-tight  or  not ;  the  operator  need,  for  this  purpose,  simply 
direct  a  stream  of  air  through  the  blow-pipe  upon  the  protruding 
point  of  tlie  balloon :  if  the  tube  is  closed  hermetically,  a  small 

*  If  the  balloon  is  immersed  in  a  chloride  of  calcium  or  oil  bath, 
the  operator  must  endeavour  to  maintain  the  temperature  constant  towards 
the  end  of  the  process,  which  may  be  readily  effected  by  regulating  the 
fire. 


48-2  ORGANIC    ANALYSTS.  [§  165. 

portion  of  the  vapor  will  condense  and  form  a  small  column  of 
fluid,  which  will  be  retained  in  the  end  of  the  tube,  by  the 
capillary  attraction  of  the  latter ;  this  will  not  take  place,  if  the 
tube  is  not  sealed  hermetically.  The  state  of  the  barometer  is 
likewise  noted,  should  it  have  altered  since  the  first  observation: 

8.  The  sealed  balloon  is  now  removed  from  the  bath,  allowed  to 
cool,  washed  most  carefully,  wiped  perfectly  dry,  and  weighed 
again  in  the  same  manner  as  before. 

c.  The  whole  of  the  pointed  end  of  the  balloon  is  immersed  in 
mercury,  and  a  mark  is  scratched  with  a  file  near  the  end ;  the 
point  is  then  broken  off,  whereupon  the  mercury  will  immediately 
rush  into  the  balloon,  a  vacuum  having  been  created  in  it  by  the 
condensation  of  the  vapor.  (In  this  process,  the  operator  has  to 
place  the  bulb  of  the  balloon  in  the  hollow  of  his  hand,  resting 
the  .latter  upon  the  border  of  the  mercurial  trough.)  If  the 
balloon,  at  the  moment  of  sealing,  was  perfectly  free  from  air,  it 
will  fill  completely  with  mercury  whilst,  if  this  was  not  the  case, 
au  air  bubble  will  remain  in  it.  In  either  case  the  mercury  in  the 
balloon  is  accurately  measured  in  the  graduated  tube  (6),  but  in 
the  latter  case  it  is  necessary,  besides,  to  fill  the  balloon  with  water, 
and  to  measure  also  the  volume  of  the  latter  liquid:  the 
difference  between  the  volume  of  the  mercury  and  that  of  the 
water  shows  the  volume  of  the  air  which  had  remained  in  the 
balloon. 

This  method,  if  properly  executed,  yields  pretty  accurate 
results ;  for  the  manner  of  calculating  the  latter,  I  refer  to  the 
chapter  on  *'  Calculation  of  Analyses." 

§  156. 

3.  A  great  number  of  the  indifferent  organic  bodies  refuse 
absolutely  to  combine  with  bases  or  acids,  such  as,  for  instance, 
the  various  fats,  salicine,  the  ethyle  and  methyle  compounds, 
&c.  The  atomic  weight  of  such  substances  is  determined  either 
according  to  the  directions  of  the  preceding  paragraph,  or, 
should  this  be  impracticable  from  the  decomposition  products 
8 
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obtained  by  the  action  of  acids,  bases,  &o.,  upon  the  substance, 
and  which  admit  always  of  the  determination  of  their  atomic 
weight,  according  either  to  §  163,  and  to  §  154,  or  finally  the 
atomic  weight  is  inferred  from  the  mode  of  formation  of  the 
compound  in  question.  In  cases  of  this  description,  that  atomic 
weight  is  taken  as  the  correct  one  which  permits  the  most  simple 
explanation  of  the  respective  processes  of  the  formation  and 
decomposition  of  the  compound  in  question. 

This  mode  of  determining  the  atomic  weight  of  substances  is 
intimately  connected  with  the  higher  branches  of  organic  che- 
mistry, and  cannot  be  considered  here  more  in  detail,  as  it  is 
impossible  to  give  universally  applicable  methods  for  determining 
the  atomic  weight  of  substances  in  this  manner. 


CHAPTER  II. 

CALCULATION  OF  ANALYSES. 

§  156. 

The  calculation  of  the  results  obtained  by  the  analysis  of 
substances  presupposes  as  an  indispensable  preliminary,  a  know<» 
ledge  of  the  general  st5chiometrical  laws  (laws  of  the  combining 
proportions  of  substances),  on  the  one,  and  of  the  more  simple 
rules  of  arithmetic  on  the  other  hand.  The  working  of  chemical 
calculations  does  not  necessarily  require  a  thorough  knowledge  of 
mathematics,  as  is  often  very  erroneously  supposed :  a  clear  head 
and  a  knowledge  of  decimal  fractions,  and  of  simple  equa- 
tions, will  sufficiently  enable  the  student  to  work  all  the  more 
common  calculations.  These  remarks  are  not  by  any  means 
intended  to  dissuade  the  students  of  chemistry  and  pharmacy 
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from  pursuing  the  highly  important  study  of  mathematics ;  I 
intend  to  give  confidence  to  those  who  have  not  had  opportunity 
to  acquire  a  more  profound  knowledge  of  this  science,  and  who^ 
as  I  have  experienced  often,  are  afraid  to  yenture  upon  chemical 
calculations.  For  this  reason  I  have  worked  the  whole  of  the  calcu- 
lations given  in  the  succeeding  paragraphs,  in  the  most  intelligible 
manner  possible,  and  without  logarithms. 

I.  Calculation    of    the    proportional    amount   of    the 

CONSTITUENT  SOUGHT  FOR,  FROM  THE  COMPOUND  PRODUCED  BY 
THE  ANALYTICAL  PROCESS,  AND  EXHIBITION  OF  THE  RESULTS  IN 
PER   CENTS. 

§     157 

The  substances,  the  weight  of  which  it  is  intended  to  determine 
are  separated,  as  we  have  seen  in  the  chapter  on  the  "  practical 
performance  of  the  analytical  process,*^  either  in  an  isolated  state, 
or,  and  this  most  frequently,  in  forms  and  combinations  of  known 
composition.  The  results  are,  under  all  circumstances,  calculated 
upon  100  parts  of  the  examined  substance,  since  this  places  them 
in  a  clearer  and  more  intelligible  point  of  view.  In  cases  where  the 
several  constituents  have  been  ascertained  separately,  the  percentage 
calculation  may  proceed  directly,  but  if  the  constituents,  the 
weight  of  which  it  is  intended  to  determine,  have  been  separated 
in  combination  with  some  other  substance,  the  proportional 
amount  of  the  constituent  in  question  is  to  be  calculated  first  from 
the  compound  produced 

1.  Calculation  of  the  results  obtained  upon  100  parts 
of  the   analysed    substance   in  cases  where  the 

LATTER    HAS   BEEN    OBTAINED    IN   AN    ISOLATED    STATE. 

a.  So/id  suhstanceK,  fluids,  or  gases,  which  have  been  deter* 
mined  by  weight. 

%  108. 

The  cnlcjulation  here  is  so  exceedingly  simple  that  I  will  adduce 
but  one  illustration  for  the  sake  of  completeness. 
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Suppose  protochloride  of  mercury  has  been  analysed,  and  the 
mercury  separated  in  the  metallic  state  (§  89.  1.)  2.945  grammes 
of  protochloride  of  mercury  yielded  2.499  grammes  of  metallic 
mercury. 

2.946  :  2.499  ::  100  :  x 
X  =  84.85, 
which  means  that  our  analysis  shows  100  parts  of  protochloride 
of  mercury  to  contain   84.85   of  mercury,   and  consequently  is 
15.15  of  chlorine. 

Now  the  protochloride  of  mercury  is  known  to  consist  of  2 
equivalents  of  mercury  and  1  equivalent  of  chlorine,  and  the 
equivalent  numbers  of  both  these  elements  are  likewise  known,  the 
real  percentage  composition  of  this  compound  may  be  readily  calcu- 
lated. When  analyzing  substances  of  known  composition,  for 
practice,  the  results  theoretically  calculated  and  those  obtained  by 
the  analysis  are  hsually  placed  in  juxtaposition,  as  this  enables 
the  student  at  once  to  mark  the  degree  of  correctness  and  accuracy 
with  which  the  analysis  has  been  performed. 
Thus  for  instance — 

found  calculated  (compared  §  58. 6.) 

Mercury     .     .     84.85     .     .     .     84.95 
Chlorine     .     .     15.15     .     .     .     15.05 


100.00  100.00 


b.  Gases  which  have  been  determined  by  measure. 

§159. 

When  a  gas  has  been  determined  by  measure  it  is  necessary  to- 
know  the  exact  weight  to  which  the  volume  found  corresponds, 
before  we  can  proceed  to  calculate  the  weight  of  the  gas  in  per  cents. 

Now  as  the  exact  weight  of  a  certain  definite  volume  of  the 
various  gases  has  been  severally  determined  by  minute  and  accu- 
rate experiments,  this  calculation  is  also  a  simple  rule  of 
three  question,  provided  of  course  the  gas  be  measured  under  the 
same  circumstances  to  which  the  proportion  of  the  volume  to  th© 
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weight  ascertained  by  former  experiments  relates.    The  circam- 
stances  which  we  have  to  take  into  consideration  here,  are : 

Temperature  and  atmospheric  pressure^ 
Besides  these,  the 

Tension  of  the  aqueous  vapor 

may  likewise  claim  consideration  in  cases  where  water  is  nsed  as 
the  confining  fluid. 

The  respective  weights  assigned  in  Table  V.  to  one  litre 
of  the  gases  enumerated,  refer  to  d  temperature  of  0°  C.  (= 
to  32°  Fahrenheit)  and  an  atmospheric  pressure  of  0.76  (76Q 
millimeters)  of  mercury  (=29.8  of  the  English  scale).  We  have, 
therefore,  in  the  first  place,  to  consider  the  manner  in  which 
volumes  of  gases  measured  at  a  different  temperature  and  different 
state  of  the  barometer,  are  to  be  reduced  upon  0*»  of  the  0.  (Celsius') 
thermometOT,  and  0.76  of  the  barometer. 

0.  REDUCTION  OF  A  VOLOME  OF  GAS  OF  ANY  GIVEN  TEMPERA- 
TURE TO  O^^C.  OR  UPON  ANY  OTHER  TEMPERATURE  BETWEEN 
0"  AND  lOO"*  C. 

The  following  propositions  of  the  expansion  of  gases  were 
formerly  universally  adopted. 

1.  All  gases  expand  equally  between  the  same  extremes  of  tem- 
perature. 

2.  The  expansion  of  one  and  the  same  gas  between  the  same 
extremes  of  temperature  is  independent  of  its  original  density. 

Although  the  correctness  of  these  propositions  has  not  been 
fully  confirmed  by  the  minute  investigation  of  Magnus  and 
Kegnault,  yet  they  may  be  safely  followed  in  temperature  reduc- 
tions of  those  gases  which  are  most  frequently  measured  in  the 
course  of  analytical  processes,  since  the  expansion  coefficients  of 
these  gases  scarcely  differ  from  one  another,  and  since  there  is 
never  any  very  considerable  difference  in  the  respective  atmo« 
spheric  pressure  under  which  the  gases  are  measured. 

According  to  the  investigations  alluded  to,  we  have  to  assume 
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0.d665 
as  that  expansion  coefficient  of  the  gases  which  nearest  ap- 
proaches truths  that  is,  in  other  words,  as  the  extent  to  which  gases 
expand  when  heated    from  the  freezing  to  the  boiling    point 
of  water.     Gases  expand  accordingly  for  every  degree  of  Celsius' 

thermometer  ^'f'ff^  =  0.003665. 
100 

If  we  ask,  therefore^  how  much  space  a  cubic  centimeter  of  gas 

of  0*  C  will  occupy  at  10**  C,  we  find 

1  X  (1  + 10  X  0.003665)  i.  e.  =  1.03665. 

If  we  ask  how  much  space  100  cubic  centimeters  of  O""  G  will 

occupy  at  1 0*^  0,  we  find 

100  x(l-|- 10  X  0.003665)  i.e. 

100x1.03665  =  103.665. 

If  we  ask  how  much  space  1  cubic  centimeter  of  10**  C  will 

occupy  at  0**  0,  we  find 

1 =  0.965. 

(1  +  10x0.003665 

How  much  is  108.665  cubic  centimeters  of  10°  C  at  0°  C  ? 
103.665  ^  jQQ 

1  + (10x0.003665 

The  general  rule  of  these  calculations  may  be  briefly  expressed 
as  follows : 

If  we  wish  to  calculate  a  volume  of  gas  of  a  lower  upon  a  higher 
temperature,  we  have  in  the  first  place  to  find  in  the  expansion  for 
the  volume  unit,  by  adding  to  1,  the  product  obtained  by  mul- 
tiplying with  0.003665  the  number  of  degrees  of  heat  above  0**  C, 
and  subsequently  to  multiply  the  product  of  this  calculation  with 
the  given  number  of  volume  units  found  in  the  analytical  process. 
If,  on  the  other  hand,  we  wish  to  reduce  a  volume  of  gas  of  a 
higher  upon  a  lower  temperature,  we  have  to  divide  the  number  of 
volume  units  found  in  the  analytical  process,  by  the  product  of  the 
multiplication  of  the  thermometrical  difference  with  0.003665. 

P,  Reduction   of  a  volume   of  gas   of  a  certain  given 
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DENSITY     UPON     0.76     METER    BAR.    OR   ANY   OTHER   GIVEN    PRKS- 
6URE. 

According  to  the  law  of  Mariotte,  the  volume  of  gases  is  in- 
versely proportioned  to  the  pressure  that  weighs  upon  them  ; 
which  means,  in  other  words^  that  a  gas  oocupies  the  greater  space, 
the  less  considerable  the  pressure  that  weighs  upon  it,  and  the  less 
space,  the  greater  the  pressure  upon  its  surface. 

Supposing  a  gas  to  occupy  a  space  of  10  cubic  centimeters^ 
at  a  pressure  of  one  atmospheric,  it  will  occupy  1  cubic  centime- 
ter at  a  pressure  of  10  atmospheres  and  100  cubic  centimeters 
at  a  pressure  ot^  atmosphere. 

Nothing,  therefore,  is  more  easy  than  the  reduction  of  a  gas  of 
a  certain  given  tension  upon  760  millimeters  bar.  or  any  other 
given  pressure. 

Supposing   a   gas  to  occupy  100   cubic  centimeters,   at  780 
millemeters  bar.,  how  much  space  will  it  occupy  at  760  millimeters  ? 
760  :  780  :  :  100  :  a: 
X  =  102.63 

How  much  space  do  100  cubic  centimeters  at  750  millimeters 
bar.  occupy  at  760  millimeters  ? 

760  :  750  :  :  100  \  x 
X  =  98.68 

y.  Reduction  of   a  volume  of  gas  mixed  with  aqueous 

VAPOR  TO   ITS   ACTUAL   VOLUME   IN    A  DRY   STATE. 

It  is  a  well-known  fact  that  water  has  a  tendency  at  all  tempera- 
tures, to  assume  the  gaseous  state.  The  degree  of  force  of  this 
tendency  (the  tension  of  the  aqueous  vapor)  which  is  dependent 
solely  and  exclusively  upon  the  temperature,  and  not  upon  the 
circumstance  of  the  water  being  in  vacuo,  or  in  the  air,  or  any  other 
gaseous  atmosphere, — is  usually  expressed  by  the  height  of  the 
volume  of  mercury  which  counterbalances  this  tension.  The  fol- 
lowing table  indicates  the  respective  degrees  of  tension  for  the 
various  temperatures  at  which  analyses  are  likely  to  be  made. 
(Compare  Magnus,  Poggand.  Ann.  61,  p.  247.) 
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TABLE. 


4:)0 


Force  of  the 

Force  of  the 

Temperature 
in  degrees 

aqueous  vapor 

Temperature  in 

aqueous  vapor  ex- 

expressed in 

degrees  (Celaius.) 

pressed  in  milli- 

(CeUius.) 

millimeters. 

meters. 

0 

4.825 

21 

18.508 

1 

4.867 

22 

19.675 

2 

6.231 

23 

20.909 

3 

5.619 

24 

22.211 

4 

0.032 

25 

28.682 

a 

6.471 

26 

26.026 

6 

6.939 

27 

20.847 

7 

7  436 

28 

28.148 

e 

7.964 

29 

29.832 

0 

8.528 

30 

31.602 

10 

9.126 

81 

33.464 

11 

9.751 

82 

35.419 

12 

10.421 

33 

37.473 

18 

11.130 

84 

39.680 

14 

11.882 

85 

41.893 

15 

12.677 

86 

44.268 

16 

13.819 

37 

46.768 

17 

14.409 

38 

49.368 

18 

18.351 

80 

52.108 

19 

16.345 

40 

64.969 

20 

17.896 

«  If,  conseqaently,  we  have  a  gas  confined  over  water^  its  volume 
is,  cateris  paribus,  always  greater  than  if  it  were  confined  over 
mercury,  since  a  quantity  of  aqueous  vapor  proportional  to  the 
temperature  of  the  water,  mixes  with  the  gas,  and  since  the 
tension  of  this  vapor  counterbalances  part  of  the  column  of  air 
that  presses  upon  the  gas,  and  thus  neutralizes  the  action  of  this 
part.  If  we  wish,  therefore,  now  to  ascertain  the  actual  pressure 
which  weighs  upon  the  gas,  we  must  subtract  from  the  apparent 
pressure  that  portion  of  which  the  action  is  neutralized  by  the 
tension  of  the  aqueous  vapor.  Suppose  we  had  found  a  gas  to 
measure  100  cubic  centimeters  at  770  millimeters  bar.,  the  tern- 
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peratare  of  the  confiniDg  water  being  10^  G :  how  much  space 
would  this  Yolume  of  gas  occupy  in  the  dry  state  and  at  760 
millimeters  bar.  ? 

According  to  the  above  given  table,  the  tension  of  aqueous 
vapor  at  10^  G  is3sg.l26,  and  the  gas  is  consequently  not  under 
the  apparent  pressure  of  770,  but  under  the  actual  pressure  of  770 
—9.126=760.874. 

The  calculation  is  now  very  simple;   it  proceeds  upon  the  i 

formula  given  sub.  j8.,  viz., 

760  :  760.874  :  :  100  :  a: 
^r=100.]15 
When  the  volume  of  the  gas,  the  percentage  weight  of  which  we 
wish  to  ascertain,  has  thus  been  calculated,  according  to  a.  and 
/S.,  and  y.,  respectively  upon  the  thermometrical  and  barometrical 
conditions  to  which  the  data  of  Table  V.  relate,  the  purpose  which 
we  have  in  view  is  readily  attained  by  substituting  the  weight 
for  the  volume,  and  proceeding  to  calculate  by  simple  rule  of 
three. 

How  many  percentage  parts  of  nitrogen  are  contained  in  an 
analysed  substance,  of  which  5  grammes  have  yielded  800  cubic 
centimeters  of  dry  nitrogen  gas  at  0^  G,  and  760  millimeters 
bar.? 

In  Table  V.  we  find  that  one  litre  (1000  cubic  centimeters)  of 
nitrogen  gas  of  0^  G,  and  760  millimeters  bar.,  weighs  1.2609 
grammes.  ^ 

The  formula  is  accordingly : 

1000:  1.2609  :  :  800  :  a; 
^=0.378  grammes. 
And  further : 

5  :  0.378  :  :  100  :  .r 
07=7.56. 
The  analysed  substance  contains  consequently  7.66  per  cent, 
by  weight  of  nitrogen. 
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2.  Calculation  of  the  results  of  analyses  upon  the 
percentage  weight,  in  cases  where  the  substance, 
the  percentage  weight  of  which  we  wish  to  ascer- 
tain, has  been  separated  in  combination  with 
another,  or  where  we  have  to  estimate  the 
weight  of  a  compound  from  that  of  one  of  its 
constituents. 

.§  160. 

In  cases  where  a  substance  has  not  been  weighed  or  measured 
by  itself,  but  in  some  other  form  or  combination,  e.  g.  carbonic 
acid  as  carbonate  of  lime, — sulphur  as  sulphate  of  barytes, — 
ammonia  as  nitrogen,  &c.,  we  have  to  calculate  the  quantity  of 
the  substances  sought  from  that  of  the  compound  or  element 
found,  in  order  to  reduce  the  calculation  to  that  considered 
sub.  1. 

This  may  be  accomplished  either  by  rule  of  three  or  by  some 
abridged  method. 

Suppose  we  have  weighed  hydrogen  in  the  form  of  water,  and 
have  found  1  gram,  of  water,  how  much  hydrogen  does  this 
contain? 

One  equivalent  of  water  consists  of: 

12.6  of  hydrogen 
100.0  of  oxygen 
112.5  water. 
The  formula  is  accordingly  : 

112.5  :  12.5  :  :  1.00  \x 

47=0.11111 

From  this  formula  result  the  following  equation  : 

i^  X  1.00=;r 
112.5 

i.  e.  O.llillx  \m=x 
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Or,  expressed  in  geueral  terms  : 

Water  x  0.1  U  1  1=Hydrogen. 

Example — 

5 1 7  of  water ;  how  mach  hydrogen  ? 
517x0.11111=57.444. 
Besides  this,  the  following  equation  results  likewise  from  the 
above  given  formula  : 

112.5  1.00 


12.5 

112.5 

12.5 

consequently      9 


=       9 
1.00 


consequently      x    = 


X 

100 
9 


Or^  expressed  in  general  terms, 

Water  divided  by  9=Hydrogbn 

Example. — 

617  of  water,  how  much  hydrogen  ? 

517  Kft   AAA 

=    57.444 

9 

In  this  manner  we  may  find  for  every  compound  constant 
numbers  with  which  to  multiply  or  divide  them,  in  order  to  find 
the  percentage  weight  of  the  constituent  sought,  (compare 
Table  m.) 

Thus,  for  instance,  the  nitrogen  may  be  estimated  from  the 
double  chloride  of  platinum  and  ammonium  by  dividing  the 
weight  of  the  latter  with  15.915,  or  by  multiplying  it  with 
0.06283 ;  thus  the  carbon  may  be  estimated  firom  the  carbonic 
acid  by  multiplying  the  weight  of  the  latter  with  0.2727,  or  by 
dividing  it  with  8.666. 

These  numbers  are  by  no  means  so  simple,  convenient,  and 
easy   of  retention  as  that  which   wo    found  for  hydrogen.     It 
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is  therefore  advisable,  in  the  case  of  carbonic  acid,  for  instance,  to 
fix  upon  another  general  term,  viz., 
Carbonic  acid  x  8 


ir 


=  Carbon ; 


which  is  derived  from  the  formula 

275  :  75  :  :  carbonic  acid  found  :  x 

For  275  :  75  :  :  55  :  15=11  :  3 

The  object  in  view  may  be  likewise  attained  in  a  very  simple 
manner,  by  reference  to  Table  IV.  In  this  table  will  be  found 
the  amount  of  the  constituent  sought  for  every  number  of  the 
compound  found,  from  1 — 9,  and  the  operator  need,  therefore, 
simply  add  these  values. 

Thus  we  find,  for  instance, 

TABLE. 


Found 
water 

sought 
hydrogen 

1 
0.11111 

S 

0.S22S2 

3 
0.33333 

4 
0.44444 

5 
0.fi66U 

6 
0.fi66fl7 

7 

0  77778 

8 
0.88889 

l.(MH100 

From  this  table  we  see  that  one  part  of  water  contains  0.11111 
parts  of  hydrogen,  that  five  parts  of  water  contain  0.55555  parts 
of  hydrogen,  nine  parts  1.00000,  &c. 

Now  if  we  wish  to  know,  for  instance,  how  much  hydrogen  is 
contained  in  5.17  parts  of  water,  we  find  tliis  by   adding  the 
values  for  five  parts,  for  -^r  part,  and  for  tJit  parts,  viz», 
0.55555 
0.011111 
0.0077777 
0.5744387 
Why  the  numbers  are  to  be  placed  in  tliis  manner,  and  not  as 
follows, 

0.55555 
O.lllll 
0.77777 
1.44443 
is  self-evident,  since,  were  we  to  arrange  them  in  the  latter  way, 
we  would  add  the  values   for  5,  for  1,  and  for  7  (5+1  +7=13) 


444  CALCULATION   OF  ANALYSES.  [§  161. 

and  not  for  5.17.  This  reflection  shows  likewise  that,  to  find  the 
amount  of  hydrogen  contained  in  617  of  water,  we  have  to  trans- 
pose the  point  as  follows : 

66.555 
1.1111 
0.77777 
57.44387 

3.  Calculation  of  the  results  of  indirect  analyses 
UPON  percentage  weights. 
§  161. 

The  import  of  the  term  ''  indirect  analysis*"  as  defined  at  page 
286,  shows  sufficiently  that  no  universally  applicable  rules  can  be 
laid  down  for  the  calculations  occurring  in  indirect  analyses. 
The  selection  of  the  right  way  must  be  left  in  every  individual 
case  to  the  intelligence  of  the  operator.  I  will  give  in  this 
place  the  mode  of  calculating  the  results  in  two  of  the  indirect 
analyses  described  in  section  V.  They  may  serve  as  examples 
for  other  similar  calculations. 

a.  Indirect  separation  of  soda  from  potass,  (compare  §  115, 
1.  i.) 

Suppose  we  had  found  1979.85  grammes  of  sulphate  of  soda 
+  sulphate  of  potass,  and  in  these  1000  grammes  of  sulphuric 
acid :  how  much  potass  is  present,  and  how  much  soda  ? 

Expressing  sulphate  of  potass  by  E,  and  sulphate  of  soda  by 
N,  we  get  at  the  following  equation ; 

K  +  N=1979.85. 
orK       =1979.85— N 

One  part  of  sulphate  of  soda  contains  0.56123  parts,  one  part 
of  sulphate  of  potass,  0.45916  parts  of  sulphuric  acid. 

The  amount  of  sulphuric  acid  present  in  the  mixture  of  sul- 
phate of  soda  and  sulphate  of  potass,  viz.,  1 000  grammes  mast 
consequently  be=0.56 123  X  the  quantity  of  the  units  present  of 
sulphate  of  soda,  (i.  e.  x  the  quantity  of  the  sulphate  of  soda 
present)  -I- 0.4591 6  x  the  quantity  of  the  units  present  of  sulphate 
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of  potass   (i.  e.  xthe  quantity  of  the  sulphate  of  potass  pre- 
sent.) 

This  gives  us  the  second  equation  : 

(K  X  0.45916)  +  (N  X  0.56123)=1000 

_     1000  —  (Nx  0.56128) 
^'^=  0.45916 

Substituting  for  E  its  value  according  to  the  first  equation,  we 
obtain 

1979.85-N  =  100Q-(Nx  0.56123) 
0.45916 
and,  taking  off  the  nominators  of  the  fraction 

(1979.85  X  0.45916)— (N  x  0.45916)=1000— (N  X  0.56123) 
that  is, 

909.068— (N  X  0.45916)=1000—(Nx  0.56123). 
Placing  now  the  two  N  on  one  side,  we  obtain 

(N  X  0.56128)— (Nx  0.45916)=1000— 909.068, 
or 

jj_      1000— 909.068_  90.932  _qqq  ^^ 
0.56123—0.45916     0.10207 
The  analysed  mixture  contains  accordingly  890.90  of  sulphate 
of  soda,  and  consequently 

1979.85—890.90=1088.95 
of  sulphate  of  potass.     From  these  figures  the  operator  has  to 
deduce,  according  to  2,  the  quantities  of  potass  and  soda  present, 
and,  according  to  1,  the  respective  percentage  weight  of  these  sub- 
stances. 

The  following  general  formula  may  be  deduced  from  the  above 
calculation : — Assuming  A  to  stand  for  the  mixture,  N  for  the 
Na  0,  S  Os,  K  for  the  K  O,  S  0,,  and  S  for  the  S  0,,  contained 
in  the  mixture : 

y_ 8— (Ax  0.45916 
0.10207 

and  K=A— N. 
Suppose  we  had  found  20  grammes  of  sulphate  of  potass + 
sulphate  of  soda,  and  in  these,  10.5  grammes  of  sulphuric  acid, 
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how  much  sulphate  of  potass  is  present,  and  how  much  sulphate 
of  soda  ? 

jj_  10.5 -(20x0.45916) 
0.10Ji07 
_  10.5—9.1832     ^     1.3168  _  .p  n 
0.10207  0.10207 

K  =  20—12.9  =  7.1 
The  20  grammes  of  the  mixture  consist  accordingly  of  12.0 
Na  O,  S  Oa,  and  7.1  K  0,  S  O,. 

b.  Indirect  separation  of  chlorine  from  bromine^  (§  133,  1,  y8.) 
Let  us  suppose  the  mixture  of  hromide  of  silver  and  chloride 
of  silver  to  have  weighed  20  grammes,  and  the  decrease  of  weight 
consequent  upon  the  transmission  of  the  chlorine  to  have 
amounted  to  1  gramme.  How  much  chlorine  does  the  mix- 
ture contain,  and  how  much  bromine  ? 

Here  it  need  simply  be  borne  in  mind  that  the  decrease  of 
weight  is  the  diflference  between  the  weight  of  the  bromide  of 
silver  originally  present  and  that  of  the  chloride  of  silver 
which  has  replaced  it,  to  understand  the  following  formula 
without  difficulty.  The  diflference  between  the  respective  equiva- 
lents of  bromide  of  silver  and  chloride  of  silver  is  to  the  equivalent 
of  bromide  of  silver  as  the  ascertained  decrease  of  weight  is  to 
j^y  i.  e.  to  the  bromide  of  silver  originally  present  in  the  mixture  ; 
or,  expressed  in  numbers  : 

556.43  :  2348.64  :  :  1  :  .r 
a:  =4.221 
The  twenty  grammes  of  the  analysed  mixture  contained   ac- 
cordingly 4.221  grammes  of  bromide  of  silver,  and  consequently 
20 — 4.221=15.779  grammes  of  chloride  of  silver. 

It  results  from  this  calculation,  that  we  need  simply  multiply 
the  ascertained  decrease  of  weight  with 

2348.64  .  .,,    .  o„, 

1.  e.  with  4.221, 

556.43 

in  order  to  find  the  amount  of  bromide  of  silver  originally  present  in 
the  analysed  mixture.  And  if  we  once  know  this,  we  know  of  course 
likewise  the  amount  of  the  chloride  of  silver,  and  from  these  data 
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we  deduce  subsequently,  according  to  2.  the  respective  amount 
of  bromine  and  chlorine  present  in  the  analysed  mixture,  and^ 
according  to  1.  the  respective  percentage  weight  of  these  elements. 

Appendix  to  I. 

AVERAGE  VALUES,  DFFICIENCY,  AND  SURPLUS  IN  ANALYSES. 

§  162. 

If,  in  the  analysis  of  a  substance,  we  estimate  one  constituent 
from  the  deficiency,  or,  in  other  words,  if  we  estimate  the  amount 
of  one  constituent  by  subtracting  from  the  original  weight  of  the 
analysed  substance  the  omitted  weight  of  the  remaining  con- 
stituents, it  is  quite  evident  that  in  our  subsequent  calculation 
upon  percentage  weights,  we  must  of  necessity  invariably  obtain 
100  as  sum  total.  Every  deficiency  or  surplus  occurring  in  the 
determination  of  the  respective  individual  constituents  will  fall 
exclusively  upon  the  one  constituent  which  is  estimated  from  the 
difference  between  the  original  weight  of  the  analysed  compound 
and  the  imited  weight  of  the  constituents  which  have  been  di- 
rectly determined ;  it  is  evident,  accordingly,  that  quantitative 
estimations  of  this  kind  afibrd  a  sufficient  degree  of  accuracy  only 
in  cases  where  the  other  constituents  have  been  determined  with 
great  precision.  The  accuracy  of  the  results  will  be  greater,  of 
course,  the  less  the  number  of  the  constituents  that  have  been 
determined  in  the  direct  way. 

If,  on  the  other  hand,  every  constituent  of  the  analysed  com- 
pound has  been  determined  individually,  it  is  obvious  that^  were 
the  results  absolutely  accurate,  the  united  weight  of  the  several 
constituents  must  be  exactly  equal  to  the  original  weight  of  the 
analysed  substance.  Since,  however,  as  we  have  seen  at  §  70, 
certain  inaccuracies  attach  to  every  analysis,  without  exception, 
the  sum  total  of  the  results  in  the  calculation  upon  percentage 
weights  will  sometimes  exceed,  and  at  others  fall  short  of  one 
hundred. 

10 
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In  all  cases  of  this  description,  the  operator  should  express  the 
results  actually  found. 

Tims,  for  instance,  Pelouze  found,  in  his  analysis  of  chromated 
chloride  of  potassium, 

Potassium       21.88 
Chlorine  J  9.41 

Chromic  acid  58.21 

99.50 
Thus  Berzelius  found  in  his  analysis  of  potasso-peroxide  of 
uranium : 

Potass  12.8 

Peroxide  of  uranium  86.8 

99.6 
Thus  Plattner   found    in   his    analysis  of   magnetic    iron 
pyrites, 

OF  FAHLUN.  OF  BRASIL. 

Iron         59.72  59  64 

Sulphur  40.22  40.43 


99.94  100.07 

It  is  altogether  inadmissible  to  distribute  any  chance  deficiency 
or  surplus,  proportionally  upon  the  whole  of  the  constituents, 
since  such  deficiency  or  surplus  is  not  equally  attributable  to  the 
several  estimations  of  the  individual  constituents,  and,  moreover, 
because  this  way  of  arranging  the  calculation  of  the  results  de- 
prives other  chemists  of  all  power  of  judging  of  the  accuracy  of  the 
analysis.  No  one  need  be  ashamed  to  confess  having  obtained 
somewhat  too  little  or  somewhat  too  much  in  his  analysis,  pro- 
vided, of  course,  the  deficiency  or  surplus  be  confined  within 
certain  limits,  which  are  difierent  in  difierent  analyses,  and  which 
the  experienced  chemist  knows  invariably  how  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice  or  several 
times,  it  is  usual  to  take  the  average  value  as  the  most  correct  re- 
sult.    It  is  obvious  that  this  average  result  deserves  the  greatest 
confidence  the  less  it  difiers  from  the  results  of  the  individual 
7 


§  163.]  CALCULATION   OF  ANALYSES.  i^^ 

analysis,  (which  should  always  be  given  either  folly,  or  at  least,  as 
regards  the  maximum  and  minimum.) 

Since  the  accuracy  of  an  analysis  is  not  dependent  upon  the 
quantity  of  substance  subjected  to  the  analytical  process,  (pro- 
vided always  this  quantity  be  not  altogether  too  small,)  the 
average  of  the  results  of  several  analyses  is  to  be  taken  quite  in- 
dependently of  the  quantities  respectively  used  in  the .  several 
analyses,  which  means,  in  other  words,  that  the  operator  must 
not  add  together  the  quantities  respectively  used,  on  the  one,  and 
the  respective  weights  of  the  determined  constituent  on  the  other 
hand,  and  deduce  from  these  data  the  percentage  amount ;  but  the 
latter  is  to  be  calculated  for  every  individual  analysis  and  the 
average  is  to  be  subsequently  deduced  from  the  results. 

Suppose  a  substance  AB.  to  contain  fifty  per  cent,  of  A. ;  and 
suppose  two  analyses  of  this  substance  to  have  yielded  the  following 
results; 

1)  'Z  grammes  of  AS.  yielded  0.99  grammes  of  A. 

2)  ^>0     „  „  „    24.00       „ 
From  analysis 

No.  1,  it  results  that  AB.  contains  49.^0  per  cent,  of  A. 
»    *»         9f  »  ft  48.00     „  „ 

Sum  total       .         .     97.50 
Mean  .         .     48.75 

It  would  be  quite  erroneous  to  say 

2  +  50=52  of  AB  yielded  0.99  +  24.00=24.99  of  A. 
which  would  give  for  100  of  AB.  .  .  .  48.06  of  A; 
for  it  will  be  readily  perceived  that  this  way  of  calculating  destroys 
nearly  altogether  the  influence  of  the  better  analysis  of  the  two, 
(1)  upon  the  average,   on  account  of  the  proportionally  small 
amount  of  substance  subjected  to  the  analytical  process. 

II.  Deduction  of  empirical  FORMULiE. 
§  168. 
If  the   percentage  composition  of  a  substance  is  known,  a  so 
styled  emjnrical  formula  may  be  deduced  from  this  under  any 

6o 
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droamstances,  which  means,  in  other  words,  the  relatiTe  proportion 
of  the  several  constituents  may  be  expressed  in  equivalents — in  a 
formula  which,  upon  re-calculation  upon  percentage  weights,  gives 
figures  corresponding  perfectly  or  nearly  with  those  deduced  from 
the  analysis  of  the  substance  in  question.  For  all  those  sub- 
stances of  which  we  cannot  determine  the  atomic  weights,  such, 
for  instance,  as  mannite,  wood  fibre,  mixed  substances,  &c.,  we 
are  compelled  to  confine  ourselves  to  the  expression  of  empirical 
formulffi. 

The  method  of  deducing  empirical  formula  is  very  simple  and 
will  be  readily  understood  from  the  following  reflections : 

How  would  we  proceed  to  find  the  relative  number  of  equiva- 
lents in  carbonic  acid  ? 

We  would  say : 

The  equivalent  of  the  oxygen  is  to  the  proportional  amount  of 
oxygen  in  the  atomic  weight  of  carbonic  acid,  as  1  is  to  :r,  i.  e.  to 
the  number  of  atoms  of  oxygen  contained  in  carbonic  acid ; 
accordingly 

100  :  200  :  :  1  :  ;r 

07=2 

In  the  same  manner  we  would  find  the  number' of  atoms  of  car- 
bon present  in  carbonic  acid,  by  the  following  proportion : 

75  :  75         :  :         1     :    ^ 

(equivalent  of  carbon)  (carbon  in  one  equivalent 

of  carbonic  acid.) 
X     =      1 
Now  let  us  suppose,  we  did  not  know  the  atomic  weight  of  car- 
bonic acid,  but  simply  the  percentage  composition  of  this  acid, 
viz., 

27.27  of  carbon 

72.73  of  oxygen 

100.00  of  carbonic  acid  ; 

yet  the  relative  proportion  of  the  equivalents  must  appear,  even 

though  we  select  any  other  given  number,  e.  g.  100,  as  the  atomic 
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weight  of  carbonic  acid.     Let  us  suppose  we  adopt  100  as  the 
atomic  weight  of  carbonic  acid ;  thus, 

1  :  X 


100 

:             72.73              :     : 

(Equ.  ofO) 

(Amount  of  oxygen  in  the 

assumed  atomic  weight  of  100) 

X    =     0.7273  ; 

and  further, 

75 

:             27.27             :     : 

(Equ.  of  C) 

(Amount  of  carbon  in  the 

1 


assumed  atomic  weight  of  100) 
X    =     0.3636 
We  see  here  that  although  the  numbers  which  express  the  rela- 
tive proportion  of  the  atoms  of  oxygen  and  carbon,  have  changed, 
yet  their  relative  proportion  remains  the  same,  for 
0.3636  :  0-7272  :  :  1  :  2 
The  method  is  accordingly  in  general  this  : 
Assume  any  number,  say  100,  (because  this  is  the  most  con- 
venient,) as  the  atomic  weight  of  the  compound  for  which  you  wish 
to  establish   an  empirical  formula,  and  ascertain  how  often  the 
equivalent  number  of  every  individual  constituent  is  contained  in 
the   amount  of  the  same  constituent  resulting  for  the  assumed 
atomic  weight  of  the  compound.     When  you  have  thus  formed  the 
number  expressing  the  relative  proportion  which  the  several  con- 
stituents bear  to  one  another,  you  have  attained  your  purpose, 
viz.,  the  deduction  of  an  empirical  formula.     It  is,  however,  usual 
to  reduce  these  numbers  to  the  most  simple  expression  possible. 
Now  let  us  take  a  somewhat  more  complicated  example,  e.  g. 
the  deduction  of  the  empirical  formula  for  mannite. 
The  percentage  composition  of  mannite,  is 
39.56  of  carbon 

7.69  of  hydrogen 
52.75  of  oxygen 

100.00 

G  G  2 
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Thenoe, 

1.  100:52.75::!:^ 

jr=  0.6275 

2.  12.5 :    7.69  :  :  1  :  a; 

X  =  0.6162 

3.  76  :    39.56  \\\\x 

X  =  0.6276 
Here  we  have  now  already  the  empirical  formula  for  mannite, 
viz., 

Csi7i       H^iga      ^5Sf» 

A  glance  shows  us  that  the  numher  of  the  atoms  of 
carbon  is  equal  to  that  of  those  of  oxygen ;  and  the  question  is 
now  whether  the  relative  proportion  found  may  not  be  expressed 
by  smaller  numbers. 

A  simple  calculation  suffices  to  answer  this  question,  vi2.^ 
6276  :  6162  :  :  60  :  ;r 

(Any  other  number  might  be  substituted  for  60,  as  the  third 
valae  of  the  proportion,  but  60  is  the  most  convenient,  since  it  is 
divisible  without  remainder  by  most  of  the  numbers.) 

07=  70 

We  have  now  accordingly  the  more  simple  formula. 

Cflo    S»o     O«o  =  Cj     H,      0« 

The  percentage  composition  of  mannite  upon  which  this  calcula- 
tion is  based,  is  that  theoretically  calculated,  and  consequently 
there  con  be  no  doubt  regarding  the  correctness  of  the  formula. 
Now  let  us  take  the  results  of  a  direct  analysis  of  mannite. 

Opperman  obtained,  upon  the  combustion  of  1.693  grm.  of 
mannite,  with  oxide  of  copper,  2.296  grammes  of  carbonic  acid 
and  1.106  grm.  of  water.  This  gives  by  calculation  upon  percentage 
weights 

89.31  of  carbon 

7.71  of  hydrogen 
62.98  of  oxygen 
100.00 
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which,  calculated  as  above,  fandsh  us  with 

^t9Ai      -"-aies       ^5tft8 
as  the  first  expression  of  the  empirical  formula;  and  thence: 
5298  :  6168  :  :  60  :  x 
X  =  69.8 

Upon  looking  at  these  numbers  we  see  at  once  that  69.8  may 
be  properly  exchanged  for  70,  and  likewise  that  the  difference 
between  6241  and  5298  is  so  trifling,  that  both  may  be  ex* 
pressed  by  the  same  number.  These  considerations  lead  likewise 
to  the  formula 

C.      H»      0. 

The  proof  whether  this  formula  is  correct  or  not^  is  obtained  by 
the  re-calculation  of  the  formula  upon  the  percentage  weight.  The 
less  the  percents  calculated  differ  from  those  found,  the  more 
reason  there  is  to  consider  the  empirical  formula  correct.  If  both 
differ  more  considerably  than  can  be  accounted  for  by  the  defects 
inherent  in  the  methods,  there  is  every  reason  to  consider  the 
formula  fallacious,  and  it  becomes  necessary  to  establish  a  more 
correct  one ;  for  it  will  be  readily  perceived  that  from  one  and 
the  same,  or  several  very  nearly  corresponding  analyses,  different 
formula  may  be  deduced  for  substances  of  which  the  atomic  weight 
is  not  known ;  since  the  numbers  found  are  never  absolutely  cor* 
rect,  but  only  approximate. 

Thus,  for  instance,  in  the  case  of  raannite»  calculated 


for 

tor 

found 

c. 

89.66 

c. 

89.67 

89.31 

H, 

7.69 

H. 

7.44 

7.71 

0. 

62.75 

0, 

82.89 

62.98 

100.00  100.00       100.00 

Til.  Dkduction  of  rational  formula. 

§  164. 

If,  besides  the  percentage  composition,  we  know  also  the 
atomic  weight  of  a  substance,  we  are  enabled  to  deduce  for  it 
under  all  circumstances   a  rational  formula,  which  means  a 
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fonnula  expressing  not  merely  the  relative  proportion  of  tte  atoms, 
but  also  their  absolute  number. 

The  following  example  may  serve  for  illustration  : 

1 .  Deduction  of  the  rational  formula  for  hyposulphuric 

ACID. 

The  analysis  has  shown,  in  the  first  place,  the  percentage  com- 
position of  hyposulphuric  acid,  and,  in  the  second  place,  the  per- 
centage composition  of  hyposulphate  of  potass,  viz., 

Sulphur 44.44     Potass 39.654 

Oxygen 55.66     Hyposulphuric  acid    .  .  60.446 

Hyposulphuric  acid  100.00     Hyposulphate  of  potass  1 00.000 

(Equivalent  of  potass  =  588.94.) 
From  the  proportion : 

39.654  :  60.446  : :  588.94  :  x 
X  =  900 
results  as  x,  the  sum  of  the  equivalent  numbers  of  the  constituents 
contained  in  hyposulphurous  acid,  which  means,  in  other  terms^ 
the  atomic  weight  of  hyposulphuric  acid. 

Having  thus  found  the  correct  atomic  weight  of  hyposulphuric 
acid,  we  need  not  trouble   ourselves  to  assume  a  hypothetical^ 
atomic  weight,  as  we  were  obliged  to  do  in  the  case  of  mannite. 
Thus  we  write  at  once  : 

100  :  44.44  :  :  900  :  :r 
x=  400 
i.  e.  like  the  sum  of  the  equivalent  number  of  the  sulphur,  and 
further: 

100  :  56.56  :  :  900  :  j: 
^=  600 
i.  e.  like  the  sum  of  the  equivalent  numbers  of  the  oxygen. 

Now  the  equivalent  number  of  sulphur,  i.  e.  200,  is  contained 
twice  in  400  ;  and  the  equivalent  number  of  oxygen,  i.  e.  100,  is 
contained  five  times  in  600  ;  the  rational  formula  for  hypo- 
sulphuric acid  is  accordingly, 

Sa      O5 
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2.  Deduction  of  the  rational  foiimula  of  benzoic  acid. 

Stenhouse  obtained  from  0.3807  grm.  of  hydrated  benzoic  acid 

dried  at  212^  F.,  0.9575  of  carbonic  acid  and   0.1698  of  water  ; 

0.4287  grm.  of  benzoate  of  silver,  dried  at  212<J  F.  yielded  0.202 

of  silyer.     From  these  figures  results  the  following  composition  : 

Carbon 68.67     Oxide  of  silver  ....  50.67 

Hydrogen   ....:..     4.95     Benzoic  acid  ....  .  49.33 

Oxygen 26.88     Benzoate  of  silver  .    100.00 

Hydrated  benzoic  acid  100.00 

(Atomic  weight  of  the  oxide  of  silver  «»  1449.) 
50.67:49.33  :  :  1449  :  .r 
x=  1410.6 
i.  e.  the  atomic  weight  of  anhydrous  benzoic  acid;  the  atomic 
weight  of  the  hydrated  acid  is  accordingly  ==  1410.6  +  112.5  = 
1523.1  ;  and  thus 

100  :  68.67  :  :  1523  :  x 

X  =  1045.84 

100  :    4.95  :  :  1523  :  x 

a;  ==  75.39 
100  :  26.38  :  :  1523  :  x 
a?  =  401.77 
75  is  contained  in  1045.84     13.94  times 
12.5  „  75.39       6.03     „ 

100  „  401.77       4.02     „ 

A  glance  at  the  figures  resulting  from  these  divisions  sulBices 
to  show  that  13.94  may  be  exchanged  for  14,  and  that  6  may  be 
substituted  for  6.03,  and  4  for  4.02     The  rational  formula  for  the 
hydrate  of  benzoic  acid  is  accordingly 
C„    H,      O, 
This  acid  yields  by  theoretical  The  numbers  found  by 

calculation :  Stenhouse,  were 

C  68.85  0  68.67 

H    4.92  H    4.96 

O  26.23  O  26.88 

100.00  100.00 
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8.    Deduction  of  the  rational  formula  of  theink. 
Stenhousr's  analysis  of  theine  gave  the  following  resillts: 

1.  0.285  grm.  of  theine  yielded  0.5126  of  carbonic  acid  and 
0.132  of  water. 

2.  The  combustion  of  theine  in  conjunction  with  oxide  of  cop- 
per yielded  a  gaseous  mixture  of  CO,  :  N  =  4  :  1. 

S.  0.5828  grm.  of  the  double  salt  of  hydrochlorate  of  theine  and 
bioloride  of  platinum,  yielded  0.143  platinum. 

From  these  numbers  results  the  following  percentage  com- 
position : 

Carbon  .  .  49.05 
Hydrogen      5.14 
Nitrogen  .  28.61 
Oxygen.  .  17.20 
100.00 
and  2451.4  as  the  atomic  weight  of  theine  ;   for  we  have  every 
reason  to  suppose  that  the  composition  of  the  double  salt  of  hydro- 
chlorate  of  theine  and  bicloride  of  platinum  is 

Theine  -f  CI  H  +  Pt  CI,. 
The  proportion 

0.143  :  0.5828  :  :  1233.5  (atomic  weight  of  platinum)  :  x 

a:=502r 
gives  consequently  the  atomic  weight  of  this  double  8alt=5027 ; — 

the  atomic  weight  of  theine  is  now  found  by  subtracting  from  5027 

the  sum  of  the  atomic  weight  of  one  equivalent  of  bichloride  of 

platinum  (2119.9)  and  one  equivalent  of  hydrochloric  acid  (455.7) 

5027— (2119.9  +  455.7)=2451.4. 

From  the  percentage  composition  of  theine  we  may  now  deduce 

the  empirical  formula  for  this  substance  as  follows : 

75  :  49.05  :  :  1  :  ^ 

ir=i0.654 

J2.5  :  5.U  :  :  1  :a? 

ar=0.411 

175.2  :  28.61  ::  I  :x 

^r=0.163 

100  :  17.20  ::  I  :x 

a:=0.172 


§  164.]  CALCULATION  OF  ANALYSES.  457  | 

I 

^6BA  "411  -^lea  ^i»« 
By  reducing  these  numbers  in  the  manner  stated  at  page  452 
{i.  e.  substituting  60  for  the  smallest  of  them  and  reducing  the  ; 

others  in  the  same  ratio),  we  get  at  the  formula  | 

0,^1  Hi5i  N«o  Oj, 
and  dividing  these  figures  by  30,  we  find  I 

Ce.o,H..osN,  0..J  j 

for  which  we  may  at  once  substitute 

C.  H,  N.  O, 
as  the  following  percentage  arrangement  will  clearly  prove  :  I 

calculated.  found. 

8  C=600.0  49.47  49.05 

5H=  62.5  5.15  5.14  j 

2N=350.4  28.89  28.61 

2  0=200.0  16.49  17.20 


1212.9  100.00  100.00 

Now,  looking  at  the  atomic  weight  corresponding  to  the 
formula  C,  H,  N,  O,  viz.  1212.9,  we  find  that  this  is 
contained  twice  in  the  atomic  weight,  deduced  from  the  analysis 
of  the  double  salt  of  hydrochlorate  of  theine  and  bichloride  of 
platinum,  viz.  2451.4;  we  find  accordingly  the  rational  formula 
for  theine 

2  +  0.  H,  N.  0,=C,,  H,o  N^  O^ 
The  correctness  of  our  assumption  that  the  formula  for  the 
above  mentioned  double  salt  is : 

Theine  +  CIH+Pt  01, 
may  now  be  readily  tested  and  confirmed  by  comparing  whether 
the  amount  of  platinum  expressed  in  this  formula  agrees  with  the 
quantity  found. 

in  100  parts, 
calculated.  found. 

0,.H,oN^  0^=2425.8 
01  H  =  455.7 

Platinum  =1233.5     .  24.66       .     .     24.53 

OU  =  886.0 

5001.0 
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4.   Deduction   of  thr   rational  FOBMULiB    for   oxygen 

SALTS  IN   GENERAL. 

a.  In  the  case  of  compounds  containing  no  isomarphous  con- 
stituents. 

The  rational  formulae  for  oxygen  salts  may  be  deduced  also  by 
a  different  method  from  the  foregoing,  viz.  by  ascertaining  the 
ratio  in  which  die  respectiye  quantities  of  oxygen  stand  to  one 
another.     This  method  is  exceedingly  simple. 

In  an  analysis  of  crystallized  sulphate  of  soda  and  ammonia,  I 
found 

Soda  17.93 

Oxide  of  ammonium  15.23 

Sulphuric  acid  46.00 

Water  20.84 

100.00 
391  of  Na  O  contain  100  of  O  consequently  17-93  of  Na  O  contain  4.58  of  O 
326    "  NH4  0   ••       100  .•  O  ••  15.23- NH4  0    ••     4.68  -    O 

600   ..  S03  300"  O  46.00"  S  03         -    27-60  -    O 

112.5"  HO  .,        100"   O  ..  20.84  "HO  -    18.52   -    O 

The  respective  quantities  of  oxygen 

4.58  :  4.68  :  27.60  :  18.52 
stand  to  one  another  in  the  same  ratio 

as  1  :  1.02  :  6.02  :  4.04 
for  which  we  may  at  once  substitute^  without  any  material  inac- 
curacy, the  following  numbers : 

1:1:6:4 
which  lead  to  the  formula 

NaO,NH^  0,2  SO,  +  4H0 
or  Na  0,  S  0    +    hH^  O,  S  0,  +4  aq. 

b.  In  the  case  of  compounds  containing  isomorphous  constituents. 
It  is  a  well  known  fact  that  isormorphous  constituents  may 

replace  one  another  in^  every  proportion.  In  adducing  a  formula 
for  compounds  containing  isomorphous  constituents,  the  latter 
are  therefore  to  be  taken  collectively  ;  which  means  that  they  are 

8 
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to  be  expressed  in  the  formula,  as  if  thoy  consisted  of  but  one  and 
the  satne  substance.  This  occurs  very  frequently  in  the  deduction 
of  formulae  for  minerals. 

A.  Erdmann  found  in  monradite 

Proportion  of  oxygen. 

Silicic  acid  66.17 29.179 

Magnesia  81.63     .     .12.204^^  14  163 


Protoxide  of  iron     8.66     .     .     1.949 

Water  4.04     .     .     .     .    ' 8.690 


:[ 


100.40 
Now  the  ratio  between 

3.59  :  14.153  :  29.179 
is  like  1  :  3.94  :  8.1 

for  which  we  may  substitute  without  any  material  inaccuracy 

1:4:8 
Designatiug  one  equivalent  of  metal  by  R,  we  find  from  those 
numbers  the  formula : 


4  (BO,  Si  0,)  +  H0  or  4  5  **^  ^  O,  Si  0,)  +  aq. 


l  O,  Si  O,) 


Besides  isomorphous  substances,  all  bodies  of  analogous  com- 
position possess  the  faculty  of  replacing  one  another  in  com- 
pounds ;  thus  we  find  that  K  0,  Na  O,  Ca  O,  Mg  O,  &c.  replace 
one  another.  These  substances  likewise  must  be  expressed 
collectively  in  the  formula. 

Abich  found  in  andesine 

Proportion  of  oxygen. 

30.90 


Silicic  acid 

fio.eo    . 

Alumina 

24.28     . 

11.22 

Peroxide  of  iron 

1.58     . 

0.48 

lime 

6.77     . 

i.er 

Magnesia 

1.08     . 

0.37 

Soda 

6.53     , 

.       1.65 

Potass 

1.08     . 

0.16 

11.70 


3.79 


99.92 


Al  ) 
0,  SiO.+J^">  Oa,8SiO, 
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The  ratio  between  3.79  :  11.70  :  30.90 

is  as :     1  :  3.08  :  8.1 
for  which  we  may  substitute^  without  any  material  inaccuracy, 

1:3:8. 
Designating  one  equivalent  of  metal  by  R,  we  find  from  these 
numbers  the  formula : 

RO  +  R,  0,+iSiO, 
=R0.  SiO,  +  R,  0„8SiO, 
which  may  liket^e  be  written  : 
Ca 
Mg 
Na 
K 

Which  formula  shows  that  this  mineral  is  Leucite  (E  0,  Si 
0,  +  Alt  Os«  3  Si  0,),  in  which  the  greater  part  of  the  potass  is 
replaced  by  lime,  soda,  and  magnesia,  and  a  portion  of  the  alumina 
by  peroxide  of  iron. 

These  remarks,  upon  the  deduction  of  formula  for  oxygen 
salts,  apply  of  course  equally  to  metallic  sulphurets. 

IV.  Calculation  of  the  density  of  the  vapor  of  volatilb 

BODIES  AND  APPLICATION  OF  THE  RESULTS,  FOR  CONTROLUNG 
THE  ANALYSES  AND  DETERUINING  THE  ATOMIC  WEIGHT  OF 
THE   ANALYZED   SUBSTANCE. 

§   165. 

The  specific  weight  of  a  compound  gas  is  equal  to  the  sum  of 
the  specific  weights  of  its  respective  constituents  in  one  volume, 
e.  g.  Two  volumes  of  hydrogen  gas,  and  one  volume  of  oxygen 
gas  yield  two  volumes  of  aqueous  vapor.  If  they  yielded  simply 
one  volume  of  aqueous  vapor,  the  specific  weight  of  the  latter 
would  be  equal  to  the  sum  total  of  the  specific  weight  of  the 
oxygen  and  double  the  specific  weight  of  the  hydrogen,  viz. : 
2x0.0693=0.1386 
+1.1093 

=  1.2479 
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But  as  they  yield  two  volumes,  these  1.2479  are  to  be  distri- 
buted upon  these  two  volumes ;  accordiogly 

1-2470 
c«0.6239 

2 

It  will  be  readily  seen  that  the  knowledge  of  the  density  which 
the  vapor  of  a  compound  substance  exhibits,  furnishes  us 
with  a  most  excellent  means  of  controlling  the  correctness  of  a 
formula  with  regard  to  the  relative  proportions  of  the  equivalents. 
For  instance :  from  the  results  of  the  elementary  analysis  of 
camphor,  we  have  deduced  the  empirical  formula : 

C,o  H3  O 
Dumas  found  the  specific  weight  of  the  vapor  of  camphor= 
5.298.*      Now,  by  what  means  do  we  find  whether  the  deduced 
formula  is  correct  with  respect  to  the  relative  proportions  of  the 
equivalents  ? 

Specific  weight  of  the  vapor  of  carbon  0.8320 

,1  >,  „  hydrogen  gas  0.3693 

„  „  „  oxygen  gas  1.1093 

10  equ.  0=10  volumes  =  10  x  0.8820  =  8.3200 
8  equ.  H  =  16  volumes  =  16  x  0.0693  =  1.1088 
1  equ.  0—1  volume  =    1  x  1.1093  =  1.1093 

10.5381 
This  sum  is  almost  exactly  twice  as  large  as  the  specific 
Weight  found  by  direct  experiment  (12il5LLi=5.269)  which 
proves  at  once  that  the  above  given  formula  for  camphor  is  cor- 
rect with  respect  to  the  relative  proportions  of  the  equivalents. 
But  whether  the  formula  is  correct,  also,  with  regard  to  the  num- 
ber of  equivalents,  cannot  be  determined  from  the  density  of  the 
vapor,  because  we  do  not  know  to  how  many  volumes  of  camphor 
vapor  an  atom  of  camphor  corresponds.   Liebiq  assumes  the  atom 

*  This  18  the  number  resulting  from  Dumas'  experiment  if  we  adopt  the 
corrected  expansion  coefficient  of  the  air,  viz.,  0.00366 ;  but  if  the  old  co- 
efficient,  viz.,  0.0037  be  adopted,  the  resulting  number  will  be  5.337. 
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of  camphor  to  correspond  to  two  volumes,  and  gives  accordingly 
the  formula  G^o  H,  O,  whilst  Dumas  assumes  it  to  correspond 
to  four  volumes,  and  gives  the  formula  accordingly  0,^  H^,  0,. 

The  knowledge  of  the  density  of  the  vapor  affords,  therefore, 
simply  a  means  of  controlling  the  correctness  of  the  analysis, 
but  not  of  establishing  a  rational  formula,  and,  although  it  is 
made^  nevertheless,  to  serve  sometimes  for  the  latter  purpose^  yet 
this  can  be  done  only  in  the  case  of  substances  for  which  we  are 
able  to  infer  from  analogy,  a  certain  ratio  of  condensation  ;  thus, 
for  instance,  experience  proves  that  one  equivalent  of  most  of  the 
hydrates  of  the  volatile  organic  acids  corresponds  to  4  volumes. 

Thus  we  found,  (vide  §  164,)  G^^  H^  O4  as  the  rational 
formula  for  hydrated  benzoic  acid.  Dumas  and  Mitscherlich 
found  the  density  of  the  vapor  of  this  acid=4.260. 

Now  nearly  the  same  number  is  found  by  dividing  by  4  the 
sum  total  of  the  specific  weights  of  the  several  constituents  con- 
tained in  one  atom  of  hydrated  benzoic  acid. 
14  volumes  G  =  11.6480 
12  volumes  H=    0.8316 
4  volumes  O  =    4.4372 


1(0168  _,^^,,^ 


Having  thus  endeavoured  to  estimate  the  degree  of  assistance 
which  the  knowledge  of  the  density  of  the  vapor  of  substances 
affords  us  in  controlling  the  results  of  elementary  analysis,  I  will 
now  proceed  to  show  how  the  results  obtained  according  to  §  154 
are  to  be  calculated. 

I  will  select  as  an  illustration  Dumas'  estimation  of  the  specific 
weight  of  camphor. 

The  immediate  results  of  the  analysis  were  as  follows : 

Temperature  of  the  air  .  .  .     13.5°  G. 

State  of  the  barometer  .  .  742  millimeters. 

Temperature  of  the  bath  the  moment  of  scaling 

the  balloon        •  ,  .  ,     244"^  G. 
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Increase  of  weight  of  the  balloon  0.708  grm. 

Volume  of  the  mercury  which  penetrates 

into  the  balloon    .  .  296  cubic  centimeters 

Air  remaining  in  the  balloon   .  0 

Now  to  find  the  specific  weight  of  the  vapor,  we  have  to  an- 
swer three  questions,  viz., 

1.  What  is  the  weight  of  the  amount  of  air  which  the  balloon 
holds  ?  (This  we  must  necessarily  know  for  the  solution  of  the 
second  question.) 

2.  What  is  the  weight  of  the  camphor  vapor  which  the  balloon 
holds  ? 

3.  What  is  the  volume  to  which  the  camphor  vapor  corres- 
ponds at  0^  G,  and  0.760  millimeters  bar.  7 

The  solution  of  these  questions  is  evidently  quite  simple; 
and  if  the  calculation  appears  in  reality  somewhat  circuitous  aud 
complicated,  this  is  merely  owing  to  the  several  reduction  and 
correction  calculations  which  are  required. 

1.  The  balloon  holds  295  cubic  centimeters  as  we  see  from 
the  volume  oi  mercury  that  penetrated  into  it. 

Now,  how  much  are  295  cubic  centimeters  of  ifiir  of  13.5°  C 
and  0.742  millimeters  bar.  at  0°  C  and  760  millimeters  bar.  ? 

This  question  is  solved  according  to  the  direction  of  §  159,  as 
follows : 

760  :  742  :  :  295  :  ^ 

a;  =  288  cubic  centimeters.     (Of  13.5°  C  and  760 
and  further,  millimeters  bar.) 

274  cubic  centimeters  (of  0°  0 


288  288     n^A  ^»u:^  ^^^*:^^^^^  f^4ff\o 


1+ (13.5x0.00366)      1.04941  .     _     ....      ^       _      . 

and  760  milhmeters  bar.) 

Now  one  cubic  centimeter  of  air  of  0°  0  and  760  millimeters  bar. 
weighs  0.00J2991  grm. ;  274  cubic  centimeters  weigh  accordingly 
0.0012991  X  274=0.35595  grm. 

2.   W/mt  is  the  weight  of  the  vapor  ? 

At  the  outset  of  the  experiment,  we  tared  the  balloon  +  the 
air  within  it ;  we  weighed  subsequently  the  balloon  +  the  vapor, 
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(but  without  the  air) ; — to  find,  therefore,  the  actual  weight  of 
the  vapor,  it  is  not  sufiBcient  to  subtract  the  tare  from  the  weight 
of  the  vapor  fiUed-balloon,  since  {^lass-^  vapor) — (^lass  +  air) 
is  not  equal  to  vapor ;  but  we  have  either  to  subtract,  in  the  first 
place,  the  weight  of  the  air  from  the  tare,  or  to  add  the  weight 
of  the  air  to  the  increment  of  weight  of  the  balloon.  Let  us  do 
the  latter : 

Weight  of  the  air  in  the  balloon  :=  0  35^^95  gramme 

Increment  of  weight  of  the  balloon        »=  0.70'iOO  gramme 

The  weight  of  the  vapor  is  accordingly  =  1.0C395  gramme 

3.  What  is  tlie  volume  at  {f  C  and  760  milliliters  bar,  to 
which  this  1.06395  gramme  of  vapor  corresponds} 

We  know  from  the  above  data  that  this  weight  corresponds  to 
295  cubic  centimeters  at  244^  C,  and  742  millimeters  bar.  Before 
we  can  proceed  to  reduce  this  volume  according  to  the  directions 
of  §  159,  the  foUowing  corrections  are  necessary : 

a.  244^  G  of  the  mercurial  thermometer  correspond^  according 
to  Magnus*  experiments,  to  239^  C  of  the  air  thermometer — 
(vide  Table  VI.) 

J.  According  to  Dulong  and  Petit,  glass  expands,  proceeding 
from  0^  C.  TriTnr  of  its  volume  for  every  one  degree,  C.  The 
volume  of  the  balloon,  at  the  moment  of  sealing,  was  accordingly  : 

^^^  +   nK/^/^/^     =  ^97  cubic centimeters- 
85000 

If  we  now  proceed  to  reduce  Uiis  volume  upon  0^  G  and  760 

millimeters  bar.  we  find  by  the  position 

760  :  742  :  :  297  :  x 

oc  (i.  e.  cubic  centimeters  of  vapor  at  760  millimeters  bar.  and  239°C) 

ss290,  and  by  the  equation, 

290 

1-t- (239x0.00366  "~"  ^ 

X  (i.  e«  cubic  centimeters  of  vapor  at  760  millimeters  bar.  and  O^C) 

=-:154.6 

154.6  cubic  centimeters  of  camphor  vapor  of  0^  C,  and  760 
millimeters  bai*. 
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weigh  aooordingly  1.0689  grammes.  One  litre  (1000  cubic  cen- 
timeters weighs  consequently  6.882  grm.^  for 

164.6  :  1.0689  :  :  1000  :  6.882 
'Sow,  one  Utre  of  air  of  0^  G,  and  760  millimeters  bar.  weighs 
1.2991  grammes. 

The  specific  weight  of  the  camphor  vapor  consequently  is^ 
5.298 ;  for 

1.2991  :  6.882  :  :  1  :  5.5298 


H   H 
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I.  ANALYSIS  OF  MINERAL  WATERS. 

§  166. 

The  principles  upon  which  the  analysis  of  mineral  waters  is 
based,  have  been  sufficiently  discussed  abeady  in  the  first  part  of 
this  work,  and  I  may,  therefore,  at  once  proceed  to  describe  the 
most    advantageous    systematic    process    for  performing    these 
analyses.    This  I  am  enabled  to  do  with  tolerable  minuteness  and 
accuracy,  because  mineral  waters  contain  usually  but  a  limited 
number  of  substances. 
The  substances  which  occur  most  frequently  are, 
a.  Bases  :  Potass,  soda,  lithia,  ammonia. 
Strontia,  lime,  magnesia. 
Alumina. 

Protoxide  of  manganese,  protoxide  of  iron. 
h.  Acids:  Sulphuric  acid,  phosphoric  acid,  siUcic  acid,  car- 
bonic acid. 
Nitric  acid. 
Chlorine,  iodine,    bromine,   fluorine,   sulphuretted 

hydrogen. 
Crenic  acid,  apocrenio  acid. 

c.  NoN-coMBiNED  ELEMENTS  :  Oxygcu,  nitrogen. 

d.  Indifferent  organic  substances. 

Many  of  these  substances  occur  in  most  springs,  in  predomi- 
nant proportions ;  of  the  bases,  particularly  soda,  lime,  magnesia, 
and  sometimes  also  iron;    and  of  the  acids,  —  sulphuric   acid* 
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carbonic  acid,  chlorine,  and  sometimes  likewise  sulphoretted  hy- 
drogen. The  rest  are  almost  invariably  foond  in  exceedingly 
minute  proportions  only. 

I  shall  consider  the  subject  of  the  analysis  of  mineral  waters 
under  two  heads,  viz.,  1.  The  performance  of  the  analytical  pro- 
ees$;  and,  2.  The  calculation  and  arrangement  of  the  results. 

1.  PERFORBiANCB  OF  THE  ANALYTICAL  PROCESS. 

The  performance  of  the  analytical  process  is  divided  into  two 
parts,  viz.,  1.  operations  and  experiments  at  the  spring;  and,  2, 
operations  and  experiments  in  the  laboratory. 

A.  Operations  and  experiments  at  the  spring. 
§  167. 

1.   APPARARUS  AND   OTHER  NECESSARIES. 

1.  A  COMMON  SYPHON,  of  from  three  hundred  to  four  hundred 
cubic  centimeters  capacity,  (vide  Plate  LXXI.)  The  exact  capa- 
city of  the  syphon  is  to  be  correctly  as- 
certained by  filling  it  with  water,  and 
measuring  the  contents  subsequently  in 
a  graduated  jar. 

2.  Five  bottles,  provided  with  good 
cork  stoppers;  each  of  these  bottles 
should  be  able  to  hold  about  one  and  a 
half  times  the  contents  of  the  syphon. 
(In  cases  where  the  mineral  water  to  be 
analysed  contains  sulphuretted  hydro- 
gen, about  nine  flasks  of  this  description 
are  required.) 
8.  A  GOOD  THERMOMETER.  One  with  cut  or  etched  divisional 
lines  answers  best. 

4.  From  eight  to  ten  ounces  of  caustic  ammonia,  which  must 
be  entirely  tree  from  admixture  of  carbonate  of  ammonia. 


§  167.]  ANALYSIS  OF  MINERAL  WATERS.  471 

5.  From  six  to  eight  oonces  of  solution  of  chloride  or 

CALCIUM. 

6.  From  two  to  three  ounces  of  solution  of  arsenious  acid 
IN  hydrochloric  acid. 

7.  All  sorts  of  test  papers. 

8.  About  eight  white  glass  bottles,  of  three  pounds  capa- 
city, and  provided  with  close-fitting  cork  stoppers. 

9.  An  oil  of  vitriol  carboy  of  about  one  hundred  pounds 
capacity.  (This  is  required  only  under  certain  circumstances: 
compare  II.  A.) 

If  it  is  intended  to  determine  the  free  gases,  (nitrogen  and 
oxygen,)  the  operator  requires,  besides  the  above, 

10.  A  GLASS  BALLOON  oF  about  twenty-four  ounces  capacity; 
(the  exact  capacity  of  this  balloon  must  be  correctly  known). 

11.  A  GAS  conducting  tube.  This  is  fitted  air-tight  into  the 
balloon  (10)  by  means  of  a  perforated  cork. 

12.  A  STRONG  bottle  of  about  six  ounces*  capacity;  this 
must  be  provided  with  a  case,  in  which  it  may  be  packed  up  se- 
curely, 

13.  A  small  pneumatic  trough* 
U.  Potass  ley. 

15.  A  TRIPOD  adapted  to  support  the  balloon  (10). 

16.  A  SMALL  SPIRIT-LAMP. 

17.  Some  bees- wax. 

n.  Operations  at  the  well. 

a.  The  taste  and  smell  of  the  water  are  examined  to  detect  the 
presencp  of  very  minute  quantities  of  odoriferous  matter,  a  tumbler 
is  half  filled  with  the  water,  covered  with  the  hand,  and  vigorously 
shaken ;  the  hand  is  then  removed  and  the  water  smelt. 

b.  The  water  is  tested  with  the  various  reagent  ^papers ;  the 
operator  has  to  observe  whether  the  color  which  the  papers 
acquire  change  upon  drying  in  the  air. 

c.  The  temperature  of  the  water  is  examined.  The  statement 
of    the  temperature  must   be  accompanied    by  the   notes,  of 
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a.  The  date.  p.  The  temperature  of  the  air.  y.  The  constancy 
or  variability  of  the  temperature  at  different  seasons  of  the  year, 
which  may  generally  be  ascertained  on  the  spot. 

d.  About  1  ounce  of  solution  of  chloride  of  calciom,  and  about 
\i^  ounce  of  ammonia,  are  introduced  into  each  of  the  five  bottles 
(I.  2.) 

€,  The  syphon  is  dipt  slowly  into  the  spring  below  the  surface  of 
the  water ;  the  upper  aperture  is  closed  tight  with  the  thumb,  the 
crane  is  lifted  out  of  the  spring  and  the  contents  are  transferred 
to  one  of  the  five  bottles,  which  is  then  immediately  corked  tight. 
The  remaining  four  bottles  are  then  filled  in  the  same  manner. 
For  greater  safety,  the  oork«-stoppers  are  to  be  carefully  tied  over 
with  a  bit  of  string. 

f.  (This  operation  is  necessary  only  in  cases  when  the  water 
smells  of  sulphuretted  hydrogen.)  A  small  portion  of  the  solu- 
tion of  arsenious  acid  in  hydrochloric  acid  (I.  6.)  is  poured  into 
each  of  the  remaining  four  bottles  (1. 2.) ;  the  neck  of  the  bottles  is 
carefully  rinsed  with  pure  water,  to  remove  every  trace  of  the 
arsenical  solution,  since  were  this  precaution  neglected,  the  syphon 
would  get  soiled  on  the  outside  upon  its  subsequent  introduction 
into  the  neck  of  the  bottles.  The  bottles  are  then  filled  with  the 
water  and  carefully  corked^  and  the  corks  tied  over,  in  the  same 
manner  as  at  e. 

g,  (This  operation  is  necessary  only  if  the  operator  wishes  to 
determine  the  gases  which  the  water  may  contain  besides  carbonic 
acid  and  sulphuretted  hydrogen.)  The  glass  balloon  (I.  10.)  is 
filled  entirely  with  the  water,  and  the  gas-conducting  tube  (I.  11.) 
which  is  likewise  filled  entirely  with  the  water,  is  fixed  in  it  ; 
the  anterior  aperture  of  this  tube  is  then  to  be  closed  with  a  litUe 
wax  stopper.  The  bottom  is  now  placed  upon  the  tripod  (1. 15.) 
and  the  gas-conducting  tube  is  made  to  dip  into  the  phneumatic- 
trough,  (I.  18,)  which  is  filled  with  a  weak  solution  of  potass,  and  in 
which  the  little  bottle,  (I.  12.)  Ukemse  filled  with  the  same  solution 
of  potass,  stands  inverted.  The  wax  stopper  is  then  removed,  and 
the  aperture  of  the  tube  is  introduced  into  the  mouth  of  the  bottle. 
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The  spirit-lamp  is  xiow  plaoed  tinder  the  balloon,  and  the  water  is 
then  heated  to  ebullition,  in  which  state  it  is  to  be  maintained  for 
about  ten  minutes;  the  gas-conducting  tube  is  then  removed 
from  the  trough.  The  bottle  which  now  contains  the  expelled 
gases,  is  allowed  to  remain  for  some  time  longer  in  the  trough,  to 
ensure  the  complete  absorption  of  the  carbonic  acid ;  it  is  then 
carefully  corked,  and  the  cork  tied  over  with  string:  this  operation 
is  to  be  performed  without  changing  the  inverted  position  of  the 
bottle  in  the  trough.  The  bottle  is  now  finally  removed  from  the 
trough,  placed  into  its  case,  and  carried  home  to  the  laboratory, 
taking  care  to  keep  its  aperture  constantly  turned  dowuwards. 

h.  The  botdes  (I.  8.)  and  the  carboy  (I.  9.)  are  filled  with 
the  water.  The  filling  of  the  carboy  may  be  dispensed  with  if 
the  operator  can  manage  to  evaporate  on  the  spot,  in  porcelain 
basins,  about  100  pounds  of  the  water  to  three  pounds.  In 
this  case  the  evaporated  water,  together  with  the  sediment,  are 
introduced  into  one  of  the  bottles. 

I.  The  operator  should  pay  attention  to  every  particular  con- 
nected with  the  spring,  and  to  every  circumstance  that  may 
be  interesting  for  the  investigation :  thus  he  should  mark,  for  in- 
stance, the  quantity  of  water  which  the  spring  yields  ;  whether  its 
level  remains  constant  or  not ;  whether  a  deposit  is  formed  in  the 
outlet  tubes ;  whether  the  water  is  clear  or  not ;  the  formation 
of  the  mountain  from  which  it  springs ;  the  depth  at  which  it 
originates ;  the  nature  of  the  basin ;  the  medicinal  action  of 
the  water,  &c. 

B.    Operations  and  Experiments  in  the  Laboratory. 
I.    Qualitative  analysis. 

§  168. 

In  the  qualitative  analysis  of  mineral  waters,  the  principal 
constituents  only  are  usually  attended  to,  the  detection  of  those 
substances  which  are  present  in  very  minute  proportions,  being 
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more  appropriately  eflfected  in  die  course  of  the  quantitative  inves- 
tigation. 

a.  The  detection  of  free  carbonic  acid  and  sulphuretted  hydro- 
gen* seldom  require  any  special  experiment,  since  the  taste  and 
smell  of  the  water  are  sufficient  in  most  cases  to  indicate  their 
presence  or  absence.  Should  the  application  of  more  positive 
tests  be  required,  however,  the  following  is  the  best  way  of  attain- 
ing the  desired  object : — 

o.  A  little  lime-water  is  added  to  a  portion  of  the  water. 

The  formation  of  a  precipitate  which  re-dissolves  subsequently 
upon  addition  of  a  further  measure  of  mineral  water,  indicates  the 
presence  of  free  carbonic  acid. 

/9.  A  little  test-tube  is  filled  with  the  water  nearly  to  the  brim, 
and  a  small  quantity  of  solution  of  acetate  of  lead  added ;  the 
tube  is  then  vigorously  shaken,  and  afterwards  placed  upon  a 
sheet  of  white  paper.  If  the  operator,  looking  in  at  the  top  of  the 
tube,  perceives  a  black  precipitate,  or  even  simply  a  brownish 
coloration  of  the  fluid,  this  indicates  the  presence  of  sulphuret- 
ted hydrogen. 

b.  About  24  ounces  of  the  water  are  introduced  into  a  glass 
flask,  (or  better  still,  into  a  porcelain  basin,)  and  boiled  down  to 
about  12  ounces.  The  water  generally  becomes  turbid  in 
this  process,  owing  to  the  precipitation  of  those  constituents 
which  are  kept  in  solution  solely  by  the  agency  of  the  carbonic 
acid^  and  which  consequently  fall  down  the  moment  this  acid  is 
removed.  The  water  is,  therefore,  filtered,  and  the  precipitate 
thoroughly  washed  with  distilled  water. 

In  testing  the  precipitate  and  filtrate,  we  have  to  look  more  par- 
ticularly for  the  following  substances  : 


*  Mineral  waters  which  have  been  long  kept  in  stone  jars,  frequently  smell 
of  sulphuretted  hydrogen,  even  though  they  were  entirely  free  from  this  odor 
when  fresh.  This  is  owing  to  the  circumstance  that  the  contact  with  the 
moist  cork  reduces  a  portion  of  the  sulphates  to  sulphurets,  from  which  the 
free  carbonic  acid  present,  subsequently  evolves  sulphuretted  hydrogen. 


§  168.]  ANALYSIS   OF   MINERAL  WATERS.  476 

IN   THE   PRECIPITATE.  IN   THE   FILTRATE. 

Carbonate  of  lime.  Soda,  potass,  lime,  magnesia. 

Carbonate  of  magnesia.  Sulpfanric  acid,  chlorine,  iodine. 

Peroxide  of  iron.  Bromine. 

c.  Examination  of  the  precipitate  ofb. 
The  precipitate  is  dissolved  in  hydrochloric  acid — (eflTervesoence 
indicates  the  presence  of  Carbonic  acid.)  The  solution  is 
divided  into  two  portions,  and  ferrocyanide  of  potassium  is 
added  to  the  one,  ammonia  to  the  other ;  the  formation  of  a  blue 
precipitate  in  the  first  portion,  and  that  of  a  brownish  red 
precipitate  in  the  second  portion,  indicate  the  presence  of 
IRON.  (Should  the  precipitate  produced  by  ammonia  be  of  a  pale 
yellow  instead  of  a  brownish  red  tint,  there  is  reason  to  suspect 
the  presence  of  alumina,  or  of  phosphoric  acid,  which  is  to  be 
borne  in  mind  in  the  subsequent  processes  of  quantitative  analysis.) 
That  portion  of  the  fluid  to  which  the  ammonia  has  been  added 
is,  after  previous  filtration,  (should  this  be  necessary)  tested  for 
LIME  by  means  of  oxalate  of  ammonia,  and  the  fluid  filtered  off 
from  the  precipitated  oxalate  of  lime,  is  finally  tested  for 
MAGNESIA,  with  phosphate  of  soda. 

d.  Examination  of  the  filtrate  of  h. 
a.  The  reaction  of  the  filtrate  is  tested  ;  a  strong  alkaline  re- 
action indicates  the  presence  of  an  alkaline  carbonate,  possibly 
also  of  an  alkaline  sulphuret,  in  the  latter  case  the  water  will 
acquire  a  black  color  upon  addition  of  solution  of  acetate  of  lead. 
The  filtrate  may  manifest  a  feebly  alkaline  reaction,  although 
neither  alkaline  carbonates  nor  alkaline  sulphurets  be  present ; 
this  reaction  may  be  owing  to  the  presence  of  chloride  of  mag- 
nesium in  the  water,  since  this  compound  upon  ebullition  trans- 
poses partly  with  water,  in  such  a  manner  that  hydrochloric  acid 
escapes  and  basic  chloride  of  magnesium  remains  in  solution. 
To  obtain  positive  information  of  the  presence  or  absence  of  an 
alkahne  carbonate,  a  portion  of  the  filtrate  is  evaporated  nearly  to 
dryness,  and  a  strong  acid  subsequently  added,  when  ensuing 
efiervescence  will  decide  this  point. 
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p.  Another  portion  of  the  filtrate  is  acidified  with  hydrochloric 
acid^  and  subsequently  tested  for  sulphuric  acid,  by  means  of 
chloride  of  barium. 

y.  Another  portion  of  the  filtrate  is  acidified  with  nitric  acid, 
and  subsequently  tested  for  chlorine,  by  means  of  nitrate  of 
silver. 

8.  Another  portion  of  the  filtrate  is  mixed  with  sal  ammoniac, 
and  oxalate  of  ammonia  is  subsequently  added.  The  formation 
of  a  precipitate  indicates  lime.     The  precipitate  is  filtered  off. 

c.  A  portion  of  the  filtrate  (obtained  in  S.)  is  tested  for  KAa* 
nesia»  by  means  of  phosphate  of   soda  and  ammonia. 

{.  The  rest  of  the  filtrate  obtained  in  3,  is  evaporated  to 
dryness,  and  the  residue  ignited  until  the  whole  of  the  ammo- 
niaoal  salts  have  been  expeUed;  the  ignited  residue  is  subse* 
quently  dissolved  in  water,  and  the  magnesia  and  sulphuric 
acid  are  precipitated  from  the  solution,  with  water  of  barytes ;  the 
fluid  is  filtered  off  ftom  the  precipitate,  and  the  excess  of  barytes 
is  then  thrown  down  firom  the  filtrate  by  means  of  carbonate  of 
ammonia ;  the  fluid  is  again  filtered,  and  the  filtrate  evaporated  to 
dryness ;  the  residue  is  ignited  and  subsequently  tested  for  soda 
by  the  alcohol  flame,  and  for  potass  by  means  of  bichloride  of 
platinum. 

17.  To  test  satisfactorily  for  iodine  and  bromine,  it  is  indispen- 
sable, at  least  in  most  cases,  to  evaporate  larger  quantities  of 
water.  The  residual  fluid  is  tested  for  iodine  by  means  of  starch 
in  conjunction  with  chlorine  water,  which  latter  is  to  be  added 
with  the  greatest  caution.  For  bromine,  by  mixing  a  portion 
of  the  fluid  with  chlorine  water  and  ether,  shaking  the  mixture, 
decanting,  and  evaporating  the  ethereal  solution,  (which  will  appear 
yellow  if  bromine  is  present) ;  with  potass  ley,  igniting  the  residue, 
heating  it  subsequently  in  conjunction  with  some  peroxide  of 
manganese  and  sulphuric  acid,  in  a  small  retort  provided  with 
condensing  tube,  and  collecting  the  distillate  which  passes  over 
first,  in  small  test-tubes,  containing  some  moistened  starch ;  these 
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test-tabes  are  then  finally  sealed  and  placed  in  an  inverted  posi- 
tion.    Compare  my  volume  in  "  qualitative  analysis." 

II.    QUANTITATIVE   ANALYSIS. 
§169. 

The  systematic  course  to  be  pursued  in  the  quantitative  analysis 
of  mineral  waters,  varies  according  to  the  presence  or  absence  of 
alkaline  carbonates.  Since  this  course  is  more  simple  in  the  case 
of  alkaline  than  in  the  case  of  non-alkaline  water,  we  will  here 
principally  consider  the  course  adapted  for  the  quantitative 
analysis  of  the  latter^  because  this  includes  every  thing  neces- 
sary for  the  quantitative  analysis  of  alkaline  water. 

In  the  course  which  I  am  now  going  to  describe,  I  proceed 
upon  the  assumption  that  all  those  substances  are  present  which 
usually  occur,  associated,  in  saline  waters.  The  modifications 
which  the  presence  of  alkaline  carbonates  requires,  and  likewise 
those  demanded  by  the  presence  of  sulphuretted  hydrogen  or  sul- 
phurets  will  be  found  appended  to  the  general  course  (§170 
and  171). 

The  actual  analysis  is  usually  preceded  by  tbe. 

DETERMINATION   OF  THE   SPECIFIC  WEIGHT. 

The  respective  temperatures  of  a  bottle  of  the  mineral  water 
and  a  bottle  of  distilled  water  are  equalized,  and  the  temperature 
within  accurately  marked.  A  small  bottle  of  about  100  grammes 
capacity,  and  provided  with  a  close-fitting  glass  stopper  is  then 
accurately  tared,  and  subsequently  filled,  first  with  the  distilled 
water  and  weighed,  afterwards  with  the  mineral  water  and  weighed 
again.  The  quotient  produced  by  dividing  the  weight  of  the 
mineral  water  by  that  of  the  distilled  water,  is  the  specific  weight 
of  the  former. 

The  respective  quantities  required  for  the  estimation  of  the 
several  constituents,  may  be  determined  either  directly  by  weight, 
or  by  measure,  in  the  latter  case  the  little  flask  is  to  be  em- 
ployed, which  has  served  for  the  determination  of  the  specific 
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weight.  I  prefer  weighing  to  measuring.  To  estimate  the  whole 
of  the  ingredients  the  operator  requires,  besides  the  water, 
the  mother  liquor  obtained  by  evaporating  1 00  pounds  down  to 
3,  together  with  the  precipitate,  or  sediment,  which  has  sub- 
sided in  the  process  of  evaporation.  Should  the  operator  not 
have  been  able  to  evaporate  the  water  on  the  spot,  he  has  to 
commence  his  operation  in  the  laboratory  by  evaporating  the 
water  contained  in  the  large  carboy.  The  evaporation  is  con* 
ducted  best  in  porcelain  basins,  over  spirit-lamps. 

1.  ESTIMATION  OF  THE  TOTAL  AMOUNT  OF  THE  FIXED  INO&E- 
DIENTS. 

From  200  to  300  grammes  of  the  mineral  water  are  intro- 
duced into  a  tall  beaker  glass,  which  is  then  covered  with  a 
glass  plate,  and  gently  heated  in  the  sand-bath  untQ 
the  whole  of  the  free  carbonic  acid  present  is  expelled. 
The  water  together  with  the  precipitate  which  may  have  formed, 
is  to  be  carefully  transferred  to  an  accurately  tared  small  platinum 
basin,  and  evaporated  to  dryness,  in  the  water- bath ;  the  residue 
is  subsequently  dried  in  the  air  or  oil-bath,  at  about  318  F., 
until  repeated  weighings  continue  to  furnish  the  same  constant 
result ;  the  weight  is  then  accurately  marked.* 

2.  Joint  estimation  of  the  chlorine,  iodine  and  bromine. 
About  100  grammes  of  the  water  are  acidified  with  nitric  aeid 

precipitated  subsequently  with  nitrate  of  silver,  and  the  precipitate 
is  finally  determined  according  to  the  instruction  given  at 
§  107, 1,  a. 

3.  Estimation  of  the  total  amount  of  lime,  magnesia, 
iron,  silicic  acid. 

*  The  quantity  of  the  chloride  of  magnesium  suffers  some  slight  diminu- 
tion in  this  process,  a  small  portion  of  it  transforming  with  water,  into 
hydrochloric  acid  which  escapes,  and  magnesia  which  remains.  The 
diminution  in  the  quantity  of  chloride  of  magnesium  is,  however,  so  trifling 
that  it  may  be  safely  disregarded.  Should  the  operator,  nevertheless,  feel 
disposed  to  prevent  it,  he  need  simply  evaporate  the  water  with  a  weighed 
amount  of  ignited  carbonate  of  soda* 
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About  800  grammes  of  the  water  are  introduced  into  a  capa- 
cious glass  flask,  and  mixed  with  some  nitric  acid ;  heat  is  then 
applied  until  the  whole  of  the  carbonic  acid  is  expelled,  when 
the  water  is  transferred  to  a  porcelain  basin,  and  evaporated 
to  dryness  in  the  water  bath.  The  residue  is  heated  in  the 
sand-bath  until  every  trace  of  moisture  is  completely  expelled ; 
the  dry  residue  is  now  digested  with  hydrochloric  acid,  some  water 
added  and  the  silicic  acid  determined  according  to  the  instructions 
given  at  $  106,  II.  a.  From  the  filtrate,  the  iron  is  precipitated 
with  ammonia  (§  122,  b,  4),  the  lime  subsequently  with  oxalate 
of  ammonia,  and  the  magnesia  finally  with  phosphate  of  soda 
(§  117,  6,  a.)  Should  the  iron  precipitate  not  exhibit  a  fine 
brownish  red  colour,  and  should  the  operator  accordingly  have 
reason  to  suspect  the  presence  of  alumina  or  of  phosphoric  acid, 
he  must  pursue  the  following  process.  The  precipitate  is 
thoroughly  washed,  and  subsequently  dissolved  in  hydrochloric 
acid ;  the  solution  is  precipitated  with  caustic  potass,  which  should 
be  added  slightly  in  excess,  and  the  fluid  filtered  off  firom  the 
precipitate  formed,  which  latter  is  then  to  be  washed,  redissolved 
in  hydrochloric  acid,  ammonia  added  in  excess,  and  subsequently 
sulphuret  of  ammonium,  the  iron  in  the  sulphuret  of  iron  pro- 
duced, being  finally  determined  according  to  §  85,  ft ;  should  it 
be*  found  now  that  the  alkaline  filtrate  contains  alumina,  this 
is  to  be  estimated  according  to  §  123,  A.  a. 

4.  Estimation  of  the  lime,  magnesia,  and  iron  in  the 
precipitate  which  forms  upon   ebullition  of  the  water^ 

AND    ALSO   OF  THE   LIME  AND  MAGNESIA  IN  THE    FLUID  FILTERED 
OFF  FROM  THE  PRECIPITATE. 

From  600  to  800  grammes  of  the  water  are  introduced  into  a 
glass  flask,  and  boiled  for  about  one  hour,  the  evaporating  water 
being  replaced  from  time  to  time  by  distilled  water.  (If  this  pre- 
caution is  neglected,  gypsum  may  precipitate  in  conjunction 
witb  the  carbonates  of  the  earths.)  The  fluid  is  then  filtered  off 
from  the  precipitate  formed,  and  the  latter  is  carefully  washed. 

The  lime  and  magnesia  in  the  filtrate  are  determined  according 
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to  the  insiructioiis  given  at  §117.  6.  a.  The  precipitate  is  dis- 
solved in  diluted  hydrochloric  acid,  and  the  eolation  heated  with 
£ome  nitric  acid ;  the  iron,  lime,  and  magnesia  are  then  finally 
determined  as  at  3. 

5.  Estimation  of  the  alkalies. 

Ahout  600  grammes  of  the  water  are  introduced  into  a  glass 
flask,  cautiously  evaporated  to  400  grammes,  and  sabsequentiy 
mixed  with  water  of  harytes  in  excess;  the  mixture  is  then 
filtered,  and  the  lime  and  the  excess  of  barytes  axe  removed  by 
means  of  carbonate  of  ammonia  (§  74.  2.  a,);  the  fluid  is  again 
filtered  off,  and  the  filtrate  subsequently  evaporated  to  dryness ; 
the  residue  is  ignited,  (§71.  3.)  weighed,  and  the  soda  finally 
separated  from  the  potass,  (should  the  latter  substance  be  present) 
as  directed  at  §  115.  1.  a. 

6.  Estimation  of  the  sulphuric  acid. 

About  600  grammes  of  the  water  are  acidified  with  hydrochloric 
acid,  and  chloride  of  barium  is  subsequently  added ;  the  sulphate 
of  barytes  which  forms  upon  the  addition  of  this  reagent,  is 
allowed  24  hours  to  subside,  and  is  then  finally  determined  ac* 
cording  to  the  directions  of  §  74.  1.  a. 

7.  Estimation  of  the  total  amount  of  carbonic  acid 
present. 

The  precipitates  which  have  formed  in  the  bottles  containing 
chloride  of  calcium  and  ammonia  (and  which  were  filled  on  the 
spot  by  means  of  the  syphon)  are  collected  severally  upon  tared 
filters,*  dried  at  212"  F.,  and  subsequently  weighed.  If  the 
operations  have  been  properly  conducted,  the  respective  weights 
of  the  several  precipitates  will  differ  but  little ;  the  arithmetical 
mean  is  in  that  case  taken  as  the  most  accurate.  The  precipitates 
are  now  triturated  together,  and  the  carbonic  acid  is  then  esti- 
mated in  2  or  3  portions  of  the  mixture,  according  to  the  dire$- 
tions  of  §  105.  b.,  p.  bb.;  the  mean  of  the  results  obtainad 
are  taken,  and  the  amount  of  carbonic  acid  then  found  is  calca- 

*  Should  the  precipate  be  copious,  those  of  three  bottles  will  be  suficieiit 
for  the  further  operation. 
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lated  upon  the  total  amount  of  tlie  precipitate,  or,  what  comes 
to  the  same  point,  upon  the  total  amount  of  the  water  from  which 
the  precipitate  had  separated.  This  quantity  heing  known  only 
by  volume,  and  the  specific  weight  of  mineral  water  exceeding 
that  of  pure  water,  it  is  necessary  to  multiply  the  number  of  cubic- 
centimeters  found  with  the  specific  weight  of  the  analyzed  mineral 
water,  in  order  to  find  the  number  of  grammes  corresponding  to 
the  cubic-centimeter. 

8.    Estimation  of  the  iodine  and  bromine. 

Both  of  these  constituents  are  determined  in  the  mother  liquor, 
the  iodine  by  means  of  protochloride  of  palladium,  the  bromine  in 
the  indirect  way.  Since  protochloride  of  palladium  fails  to  pre- 
cipitate the  whole  of  the  iodine  present  as  protiodide,  whenever 
metallic  chloride,  and  particularly  the  chloride  of  calcium  and 
magnesium,  are  present  to  a  considerable  amount,  the  following 
process  is  to  be  resorted  to  : 

The  mother  liquor,  obtained  by  evaporating  100  pounds  of  the 
mineral  water  to  three,  is  filtered  oflf  from  the  sediment ;  the  latter 
is  washed  and  the  rinsings  are  added  to  the  filtrate  and  mixed 
with  it;  the  fluid  is  then  accurately  weighed,  and  so  is  the  sedi- 
ment. The  quantity  of  the  water  from  which  the  mother  liquor 
has  been  prepared,  being  known,  it  is  easy  to  calculate  the  amount 
of  the  mineral  water  corresponding  to  a  definite  portion  of  the  j 

filtered  fluid.  | 

About  1000  grammes  of  the  concentrated  fluid  are  evaporated 
to  dryness,  in  conjunction  with  carbonate  of  soda  to  remove  the  I 

dissolved  lime  and  magnesia,  and  the  residue  is  repeatedly  ex- 
tracted with  alcohol  of  86  per  cent ,  until  the  last  produced  i 
extracts  cease  to  manifest  the  faintest  indication  of  the  presence  of 
iodine  ;  the  alcoholic  extract  is  then  evaporated  to  dryness,  the 
residue  again  completely  extracted  with  alcohol,  the  alcoholic 
solution  once  more  evaporated  to  dryness,  the  residue  treated  with 
water  and  the  iodine  finally  precipitat(*d  from  the  solution,  with 
protochloride  of  palladium,  according  to  §  109.  I.  The  fluid 
filtered  off"  from  the  precipitated  protiodide  of  palladium  is  acidi- 

i  I 
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fied  witb  nitxic  acid,  and  subsequently  precipitated  with  nitrate  of 
silver ;  the  precipitate  which  contains  the  whole  of  the  bronuBe 
present  as  bromide  of  silver  together  with  a  considerable  portion 
of  chloride  of  silver,  is  determined  according  to  §  107.  I.  a.,  and 
the  amount  of  the  bromine  present  is  then  finally  calculated  ac- 
cording to  the  instructions  given  at  §  133.  1.  p, 

9.  Detection  and  estimation  of  the  uthia. 

About  400  grammes  of  the  filtered  mother-liquor  (vide  8.) 
are  boiled  with  an  excess  of  carbonate  of  soda,  until  eva- 
porated to  dryness;  the  residue  is  treated  with  boiling  water, 
the  aqueous  solution  is  filtered,  mixed  with  phosphate  of  soda, 
and  subsequently  again  evaporated  to  dryness ;  the  residue  is 
treated  with  cold  water,  and  the  fluid  is  subsequently  filtered  off 
firom  the  undissolved  phosphate  of  soda  and  lithia,  which  is  then 
washed  with  cold  water,  dried,  ignited,  and  weighed ;  the  washing 
with  cold  water  should  not  be  continued  too  long.  The  purity  of 
the  residual  phosphate  of  soda  and  Uthia  is  to  be  tested  before  the 
blow-pipe.* 

10.  Detection  and  estimation  of  protoxide  of  manoanebe, 
aldmina,  and  strontia. 

The  precipitate  remaining  upon  the  filtration  of  the  mother- 
liquor  (vide  8.)  is  dried  in  the  water-bath  and  weighed.  The 
quantity  of  the  water  from  which  the  precipitate  has  been  obtained^ 
being  known,  it  is  easy  to  calculate  the  amount  of  mineral  water 
corresponding  to  any  given  definite  portion  of  this  precipitate. 

About  one  fourth  part  of  the  precipitate  is  dissolved  in   hydro- 

*  Phoiphate  of  soda  and  Lithia  is  a  white  light  powder,  very  sparinglj 
soluble  in  cold  but  somewhat  more  readily  in  hot  water,  and  nearly  altogether 
insoluble  in  water  containing  phosphate  of  soda  in  solution.  (According  to 
Brandes  its  solution  requires  1400  parts  of  water  of  59<^  F.,  1233  parte  of 
140«  F.,  and  951  parts  of  212«  F.)  Exposed  on  platinum  wire  to  the  flame 
of  the  blow-pipe,  it  fuses  pretty  readily  to  a  transparent  button,  which,  upon 
solidifying,  turns  white,  opaque,  and  crystalline;  fused  upon  charcoal  it  is 
imbibed  by  the  latter.  Exposed  to  the  flame  of  the  blow-pipe  upon  a 
platinum  wire,  with  carbonate  of  soda,  it  fuses   to  a  transparent 
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chloric  acid,  and  the  fiolntioii  subsequently  supersaturated  with  am- 
monia. Sulphnvet  of  ammonium  is  then  added,  and  the  fluid  is 
afterwards  filtered  off  from  the  precipitate,  which  contains,  be- 
sides sulphuret  of  iron,  snlphuret  of  manganese,  and  alumina. 
The  precipitate  is  thoroughly  washed  and  subsequently  dissolved 
in  hydrochloric  acid;  the  solution  is  heated  with  nitric  acid  and 
the  alumina  separated  from  the  iron  and  manganese,  by  means  of 
potass  {%  123.  A.  a.) ;  the  iron  is  finally  separated  from  the  man- 
ganese by  means  of  succinate  of  ammonia  (§  124.  1.  a.).  The 
filtrate  is  mixed  with  solution  of  gypsum  to  precipitate  the  stron- 
tia,  should  any  of  this  substance  be  present. 

11.  Detection  and  estimation  of  the  phosphoric  acid. 

Another  fourth  of  the  precipitate  (vide  10)  is  dissolved  in  hy- 
drochloric acid,  and  the  phosphoric  acid  determined  in  the  solu- 
tion according  to  §  101.  II.  «?.  a. 

12.  Detection  of  the  fluorine. 

The  third  fourth  of  the  precipitate  (vide  10)  is  dissolved  in 
hydrochloric  add,  and  the  solution  is  subsequently  precipitated 
with  ammonia ;  the  fluid  is  filtered  off  from  the  precipitate,  and 


which  loses  its  transparency  upon  cooling.  In  this  it  diflers  more  par- 
ticularly from  the  phosphate  of  the  alkaline  earths*  It  is  anhydrous  and  its 
composition  remains  consequently  unaltered  upon  ignition.  According  to 
Rammblsbbro  (Poggend.  Annal.,  XLVI.  79^91,)  the  formula  of  the 
ignited  phosphate  of  soda  and  lithia  is  not,  as  was  formerly  supposed,  P0<, 
Na  O,  li  O,— but  POg,  3  RO,  i.  e.,  it  contains  three  equivalents  of  base  to 
one  equivalent  of  phosphoric  acid,  and  since  soda  and  lithia,  as  isomorphons 
substances^  may  replace  one  another,  the  relative  proportions  in  which  these 
two  bases  are  present  in  the  salt  are  variable.  To  determine  the  actual 
amount  of  lithia  present,  it  is  indispensable,  therefore,  to  analyse  the  salt. 
This  is  effected  by  separating  the  phosphoric  add  from  the  .two  alkalies  ac- 
cording to  §  101,  II.  a.  y.«  and  the  lithia  subsequently  from  the  soda  by 
converting  the  mixed  alkalies  into  chlorides,  and  separating  the  latter  by 
means  of  absolute  alcohol,  which  dissolves  the  chloride  of  lithium,  learing^ 
the  chloride  of  sodium  undissolved. 

Il2 
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the  latter  is  washed,  and  tested  for  fluorine  by  heating  with  snl* 
phuric  acid  in  a  platinum  crucible  covered  with  a  glass  plate. 

18.  Detection  and  estimation  of  the  ammonia. 

From  3000  to  4000  grammes  of  the  water  are  evaporated  at 
from  176  to  194°  F.,  with  some  hydrochloric  acid,  the  re- 
sidue is  introduced  into  a  capacious  flask  and  soda  ley  added 
in  excess ;  the  contents  of  the  flask  are  then  heated  to  boiling^, 
and  kept  for  some  time  in  a  state  of  ebullition,  the  evolved  va- 
pour being  transmitted  through  diluted  hydrochloric  acid  in  a 
flask  surrounded  with  cold  water.  The  ammonia  in  the  sal 
ammoniac  formed,  is  finally  determined  according  to  §  73.  2.  a. 

14.  Detection  and  estimation  of  the  crenic  acid  and 
apocrenic  acid. 

The  last  fourth  of  the  precipitate  (vide  10)  is  boiled  for  about 
one  hour,  with  potass  ley ;  the  fluid  is  then  passed  through  the 
filter,  the  filtrate  is  acidified  with  acetic  acid^  and  neutral  acetate 
of  copper  subsequently  added.  If  a  brownish  precipitate  forms 
upon  the  addition  of  this  reagent,  this  consists  of  apocrenate  of 
copper  (which,  according  to  Mulder,  contains  variable  quantities 
of  ammonia  in  admixture,  and  dried  at  284°  F.,  42.8  per  cent 
of  oxide  of  copper.)  The  fluid  filtered  off  from  this  precipitate, 
is  mixed  with  carbonate  of  ammonia  until  the  green  colour 
has  changed  to  blue ;  heat  is  then  applied.  If  a  bluish  green 
precipitate  forms,  this  is  crenate  of  copper,  which  dried  at 
284°  F.,  contains  74.12  per  cent,  of  oxide  of  copper  (Muldbb,*) 

16.  Detection  and  estimation  of  the  so  called  organic 
extractive  matter. 

Nearly  all  mineral  waters,  when  boiled  in  large  quantities,  and, 
subsequently  filtered  and  evaporated,  leave  a  residue  which,  when 
heated,  turns  brown  and  black ;  this  is  owing  to  the  presence  of 


^  For  further  information  regarding  crenic  acid  and  apocrenic  acid,  I 
refer  to  Muldkr's  paper  on  these  acida.— Journal  fur  prakt.  Cbemie. 
XXXII.  pag.  321—344. 
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organic  extraodve  matter.  To  determine  the  amount  of  the  latter, 
a  weighed  portion  of  the  filtered  mother-liquor  is  evaporated  to 
dryness,  vith  carbonate  of  soda;  the  residue  is  boiled  with 
water  and  the  solution  subsequently  filtered ;  the  filtrate  is  eva- 
porated to  dryness,  and  the  residue  dried  at  284°  F.  until 
the  weight  ceases  to  vary.  The  dry  residue  is  then  gently 
ignited  until  the  black  color  which  it  acquires  at  first  has  disap- 
peared. The  di£ference  between  the  weight  of  the  dry  and  that  of 
the  ignited  residue  shows  the  amount  of  the  extractive  matter. 
The  residue  contains  sometimes  an  admixture  of  resinous  matter, 
in  which  case  it  is  to  be  treated  with  alcohol,  water  being  sub- 
sequently added  to  the  alcoholic  solution ;  upon  evaporating  the 
alcohol  the  resinous  matters  will  separate,  being  insoluble  in 
water. 

16.   Estimation  of  the  free  gases  present  in  mineral 

WATERS. 

The  gaseous  mixture  collected  according  to  §  167.  II.  g.y  and 
which  usually  contains  only  oxygen  gas  and  nitrogen  gas>  and 
perhaps  some  marsh  gas,   is  introduced  (under  water)   into   a 
measuring  tube,  and  the  volume  accurately  noted.     The  amount 
of  the  oxygen  is  then  determined  by  removing  this  gas,  according 
to  §  187,  by  means  of  copper,  moistened  with  hydrochloric  acid. 
The  gas  residue  is  again  measured,  and  some  chlorine  gas  con- 
ducted into  it ;  the  gaseous  mixture  is  allowed  to  stand  for  some 
time   fireely  exposed   to   the   day  light,   when    the   marsh  gas, 
(C  H,)  which  may  be  present,  will  transpose  with  four    equi- 
valents of  chlorine  and  two  equivalents  of  the  confining  water 
to  4  CI  H  and  CO,.     The  tube  is  now  placed  in  fresh  and  pure 
water,  and  a  fragment  of  caustic  potass  attached  to  a  bent  wire 
quickly  introduced  into  it,  beyond  the  surface  of  the  confining 
water.     When  the  volume  of  the  gas  ceases  to  decrease^  the  potass 
is  withdrawn,  and  the  remaining  nitrogen  gas  is  then  finally 
measured*      The  volume  of  marsh  gas  (should  this  have  been 
present)  is  found  by  subtracting  the  joint  volume  of  the  oxygen 
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ftDd  nitrogen  gas  from  the  total  volume  of  the  original  gaseous 
Hilxtnre. 

MODIFICATIONS  REQUIRED  BY  THE  PRESENCE  OF  A  FIXED  ALKAUINE 

CARBONATE. 

§    170. 

A  mineral  water^  which  contains  an  alkaline  carbonate,  cannot 
contain  soluble  lime  and  magnesia  salts ;  all  the  lime  and  mag- 
nesia which  are  found  are  to  be  considered  as  carbonates  kept 
in  solution  by  the  agency  of  carbonic  acid,  although  the  whole  of 
the  magnesia  present  does  not  precipitate  upon  ebullition,  sbioe 
a  small  portion  of  the  double  carbonate  of  soda  and  magn^a  is 
invariably  formed  under  these  circumstances.  The  best  way, 
therefore,  is  to  determine  the  lime  and  magnesia,  together  with 
iron  and  silicic  acid,  according  to  the  instructions  given  at 
§  169.  8. 

The  estimation  of  the  carbonated  alkali,  or  speaking  more  cor- 
rectly, of  the  carbonic  acid  combined  with  alkalies  to  simple 
carbonates,  is  effected  best  in  the  following  manner. 

From  three  hundred  to  four  hundred  grammes  of  the  water  are 
boiled  for  a  considerable  time,  and  the  fluid  is  subsequently  fil- 
tered off  from  the  precipitate  formed,  which  latter  is  thoroughly 
washed  with  hot  water,  the  rinsings  being  added  to  and  intimately 
mixed  with  the  filtrate.  The  fluid  is  then  divided  into  two  equal 
portions ;  nitric  acid  is  added  to  the  one  portion,  and  the  chlorine 
subsequently  determined  in  the  usual  manner.  Pure  hydrochloric 
acid  is  added  to  the  other  portion  until  the  fluid  acquires  a  de- 
cidedly acid  reaction ;  it  is  then  evaporated  to  dryness,  and  the 
residue  dried,  gently  ignited,  and  subsequently  dissolved  in  water ; 
the  amount  of  chlorine  present  in  this  solution  is  determined 
likewise.  It  is  evident  that  this  second  estimaUon  must  of  neces- 
sity yield  more  chlorine  than  the  first ;  now  every  one  equivalent 
of  chlorine  obtained  in  the  second  estimation,  beyond  the  amount 
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obtained  in  the  first,  corresponds  to  one  equivalent  of  carbonic 
add  originally  combined  with  an  alkali. 

With  regard  to  the  estimation  of  the  total  amount  of  the 
alkalies  present,  this  is  effected  best  in  the  following  manner. 
The  water  is  boiled  for  some  time,  with  chloride  of  barium,  and 
some  water  of  barytes  subseguently  added,  the  boiled  mixture 
being  then  finally  filtered  after  the  lapse  of  some  time.  The 
filtrate  is  precipitated  with  carbonate  of  ammonia,  and  the  fluid 
filtered  off  from  the  precipitated  carbonate  of  barytes.  The  filtrate 
is  evaporated  to  dryness  when  the  whole  of  the  alkalies  originally 
present  in  the  water  will  be  left  behind  as  chlorides. 

MODIFICATIONS    REQUIRED    BY  THE   PRESENCE    OF   SULPHURETTED 
HYDROGEN  OR  OF  ANOTHER  SULPHUR  COMPOUND. 

§    171. 

Mineral  waters  smelling  of  sulphuretted  hydrogen,  and  mani- 
festing a  non-alkaline  reaction,  contain  sulphuretted  hydrog^i 
alone ;  but  if  the  water  manifests  alkaline  reaction,  it  may,  be- 
sides sulphuretted  hydrogen,  contain  likewise  an  alkaline  sul- 
phuret.  The  estimation  of  the  total  amount  of  sulphur  present 
is  by  no  means  difficult.  The  sulpharseuious  acid  produced, 
according  to  §  167.  II.  /.,  is  carefully  collected  upon  the  filter, 
washed,  dried,  and  weighed.     (Compare  §  111.  I.  a.) 

The  methods  which  have  hitherto  been  recommended  to  effect 
the  estimation  of  the  amount  of  sulphur  present  in  the  form  of 
sulphurets,  besides  the  free  sulphuretted  hydrogen,  are  so  very 
imperfect,  that  I  venture  here  to  propose  a  new  method,  although 
I  have  not  yet  had  any  opportunity  of  testing  its  practical 
merits. 

Having  determined  the  total  amount  of  sulphur  present  in  the 
analysed  water,  the  free  sulphuretted  hydrogen  is  to  be  estimated 
in  a  fresh  portion  of  the  water ;  this  is  effected  in  the  following 
manner : 
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The  water  is  introduced  into  a  glass  balloon,  and  digested  for 
some  considerable  time,  with  an  excess  of  pure  magnesia.  This 
process  serves  to  bind  the  free  sulphuretted  hydrogen,  and  like- 
wise the  free  carbonic  acid.  The  contents  of  the  balloon  are  now 
heated  to  boiling,  and  maintained  in  ebullition  for  some  con- 
siderable time,  the  escaping  aqueous  vapor  which  is  accompanied 
by  the  free  sulphuretted  hydrogen  evolved,  being  conducted  into  a 
solution  of  arsenious  acid  in  hydrochloric  acid,  supersaturated 
with  potass,  and  which  is  kept  surrounded  with  cold  water. 
The  sulphuret  of  arsenic  formed  is  then  determined  according 
to  §  111.  II.  J.  a.  hb.  The  diflference  between  the  amount  of 
sulphur  calculated  from  this,  and  the  total  weight  of  the  sulphnr 
present,  as  ascertained  in  the  first  process,  shows  the  proportion 
of  sulphur  originally  present  in  the  form  of  sulphuret.  This 
method  is  based  upon  the  circumstance  that  the  sulphuret  of 
sodium  and  hydrogen  is  resolved,  upon  boiling,  into  sulphuretted 
hydrogen  and  sulphuret  of  sodium,  (Gueranger),  and  also 
that  an  aqueous  solution  of  sulphuret  of  magnesium  is,  upon 
boiling,  resolved  into  magnesia  and  sulphuretted  hydrogen 
(Berzelius). 

2.    method    of  calculating,  controlling,    and  arranging 
the  results  of  the  analysis  of  mineral  waters. 

§   172. 

The  results  found  at  1.  are  the  immediate  products  of  direct 
experiments ;  they  are  altogether  independent  of  any  theoretical 
views  which  may  be  entertained  of  the  manner  in  which  the 
various  constituents  are  combined  or  associated  with  one  another. 
Since  all  theoretical  views  on  this  subject  may  change  as  che- 
mistry advances,  it  is  absolutely  indispensable  that  reports  of 
analyses  of  mineral  waters  should  above  all  give  the  direct  re- 
sults together  with  the  methods  pursued ;  for  analyses  thus  re- 
ported are  of  service  for  all  times. 

With  respect  to  the  principles  which  guide  chemists  in  inferring 
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-what  OQanner  the  acids  and  bases  are  combined^  as  salts  in  the 
water,  it  is  assumed  that  the  bases  and  acids  are  combined 
according  to  their  relative  degrees  of  affinity,  i.  e.  the  strongest 
acid  is  assumed  to  be  combined  with  the  strongest  base,  &c. ; 
due  attention  being  paid,  however,  to  the  greater  or  less  degree 
of  solubility  of  the  salts,  since  it  is  well  known  that  this  exercises 
a  considerable  influence  upon  the  manifestations  of  the  force  of 
affinity.  Thus,  for  instance,  when  lime,  potass,  and  sulphuric 
acid  ore  found  in  the  boiled  water,  the  sulphuric  acid  is  assumed 
in  the  first  place  to  exist  in  combination  with  the  lime.  It 
cannot  be  denied,  however,  that  this  way  of  proceeding  leaves 
much  to  the  individual  views  and  discretion  of  the  analyst,  and 
consequently  that  different  modes  of  associating  the  several  in- 
gredients found  may  lead  to  different  results  for  one  and  the  same 
analysis. 

A  general  understanding  upon  this  point  would  be  very  desir- 
able, because  without  it  the  comparison  of  two  mineral  waters 
is  beset  with  difficulties.  As  long  as  a  general  understanding 
of  this  kind  is  wanting,  a  comparison  between  mineral  waters 
can  only  be  made  with  the  direct  and  immediate  results  of  the 
respective  analyses. 

One  point,  I  think,  should  be  at  once  agreed  upon,  viz.,  to 
assume  the  whole  of  the  salts  to  be  present  in  the  anhydrous 
state;  and,  moreover*  the  carbonates  as  neutral  salts,  and  the 
surplus  carbonic  acid  as  free  acid. 

To  illustrate  the  principles  which  I  conceive  ought  to  guide 
chemists  ,in  this  matter,  and  the  way  of  controlling  the  results 
obtained,  I  select  the  following  example. 

Analysis  of  the  boniface  well  at  Salzschlirf.* 
a.  Direct  remits  of  the  analysis  in  per  cents. 

Specific  weight  =  1.01  i  164. 

*  Compare  "  Chemical  Investigations  of  the  mineral  spring  at  Salzschlirf 
in  the  bishopric  of  Fulda,  (Electorate  of  Hesse,)  by  Frbsenius  and  Will  : 
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1.  Total  AMOUNT  of  the  fixed  constituents:  1^778  per 
cent. 

2.  Joint  amount  of  chlorine,  iodine,  and  bromine  :  2,8071 
per  cent,  silver  precipitate. 

d.  Total  amount  of  lime,  magnesia,  iron,  and  aiufcto 
acid: 

a.  lime  0.10442  per  cent. 

b.  Silica  0.00114  per  cent. 

(The  gross  amount  of  magnesia  and  iron  was  not  determined.) 

4.  Lime,  magnesia,  and  iron  in  the  precipitate  which 
separates  upon  ebullition  : 

a.  Lime  0.03642  per  cent. 

b.  Magnesia  0.00041  per  cent. 

c.  Peroxide  of  iron  0.00066  per  cent. 

5.  Lime    and    magnesium  in   the  boiled  and  filtered 

WATER  : 

a.  Lime  0.064724  per  cent. 

b.  Magnesium  0.028855  per  cent. 

6.  Alkalies  : 

a.  Potass  0.00865  per  cent. 
J.  Soda  0.64788  per  cent. 

7.  Sulphuric  acid:  0.10853  per  cent 

8.  Total  amount  of  carbonic  acid  :  0.194301  per  cent. 

9.  BROHaNE  AND  IODINE  : 

a.  Bromine  :  0.000402  per  cent. 

b.  Iodine :  0.000447  per  cent. 

The  respective  weights  of  the  remaining  ingredients,  such  as 
lithium,  phosphoric  acid,  protoxide  of  manganese,  crenic  acid, 
apocrenic  acid,  and  extractive  matter,  were  not  determined. 

b.   Calculation  of  the  results. 

a.  Of  the  salts  which   precipitate  upon  boiling,   we   have   to 

Annalen  der  Chemie  und  Pharmacie,  LIL,  page  66.  I  have  copied  the 
results  from  the  papers,  and  have  refrained  from  altering  them  according  to 
the  corrected  atomic  weights. 

8 
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asrame  that  they  are  pneent  as  carbonales  which  are  maintained 
in  eolation  by  the  agency  of  free  oarixmic  acid. 

1.  0.00066  peroxide  of  iron  correspond  to  O.OOOM  of  i^BOTo- 
CARBONATE  OF  IRON  which  contain  0.00088  of  carbonic  acid. 

2.  0.03642  of  lime  correspond  to  0.06583  of  carbonate   of 
LiME^  which  contain  0.02891  of  carbonic  acid. 

8.  0.00041  of  magnesia  correspond  to  0.00085  of  carbonate  of 
magnesia,  (Mg  O,  C  Ot),  which  contain  0.00044  of  carbonic  acid. 
p.  The  amount  of  free  carbonic  acid  present  is  now  readily 
found  by  subtracting  the  amount  of  the  acid  which  exists  in  com- 
bination, from  the  total  weight  of  the  acid  present  in  the  analysed 
water,  viz., 

Total  amount  of  the  carbonic  acid     .  .0.194301 

Carbonic  acid  existing  in  combination 

With  lime  .  0.02891 

With  magnesia  .  0.00044 

With  protoxide  of  iron        .  0.00088 


Sum  total 


0.029780 


Remains  free  carbonic  acid  0.164571 

y.  The  sulphuric  acid  is  assumed  to  exist  in  combination  with 

lime,  in  the  first  place ;  should  a  surplus  remain,  this  is  assumed  to 

exist  in  combination  with  potass,  and,  should  there  still  remain 

9k  surplus,  this  is  supposed  to  exist  as  sulphate  of  soda. 

1.  The  boiled  water  contains  0.064724  of  lime,  which  com- 
bines with  0.09261  of  sulphuric  acid  to  0.15733  of  sulphate  of 

LIME. 

2.  0.00865  of  potass  combine  with  0.00737  of  sulphuric  acid 

to  0.01602  of  SULPHATE  OF  POTASS. 

3.  Total  amount  of  sulphuric  acid  present      .  .  0.10853 
Of  which  there  are  combined 

With  lime  ....  0.09261 

With  potass         .  .  .  •  0.00737 


Sum  total 


There  remains 


0.09998 


0.00865 
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of  sulphuric  acid,  which  comhine  with  0.00666  of  soda  to  0.01521 

of  SULPHATE  OF  SODA. 

S.  The  rest  of  the  soda  present  exists  evidently  as  chloride  of 
sodium. 

Total  amount  of  the  soda  present        .  .  0.54583 

Of  which  ....  0.00666  are 


comhined  with  sulphunc  acid;  there  remain) 

..     .  }      0.53917 

accordingly  .  .  .         j 

which  correspond  to  0.40123  of  sodium,  which  latter  comhine 

with  0.61040  of  chlorine  to  1.01163  of  chloride  of  sodiOm. 

€.  The  whole  of  the  iodine  and  bromine  must  evidently  be 

assumed  as  existing  in  combination  with  magnesium,  and  the 

rest  of  the  magnesium  must  be  considered  to  exist  as  chloride  of 

magnesium. 

1.  0.000447  of  iodine  combine  with  0  000044  of  magnesium  to 

0.000491  of  IODIDE  OF  MAGNESIUM. 

2.  0.000402  of  bromine  combine  with  0.000065  of  magnesium 

to  0.000467  of  BROMIDE  OF  MAGNESIUM. 

Total    amount    of   the    magnesium    contained    in    the     boiled 
water        ......  0.028855 

Of  which  there  are  combined 

With  iodine   .  .  .  .  0.000044 

With  bromine  .  .  0.000005 


Sum  total  0.000109 


There  remain  accordingly       .  .  0.028746 

which  are  combined  with  0.080220  of  chlorine  to  0.108366  of 

CHLORIDE  OF  MAGNESIUM. 

c.  Control, 

I.  The  joint  amount  of  the  lime  in  the  boiled  water  and  in  the 
precipitate  which  forms  upon  ebullition  must  be  equal,  or,  at 
least,  nearly  equal,  to  the  total  amount  of  the  lime. 
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Total  amount  of  the  lime  .  .  .0.10442 

Combined  with  carbonic  acid   •  .  0.03642 

Combined  with  sulphuric  acid  .  .  0.06472 


iSum  total.  .  .  0.10114 

II.  The  amount  of  chlorine  directly  determined  must  correspond 
with  the  joint  amount  of  the  chlorine  contained  in  the  chlorides 
of  sodium  and  magnesium. 

The  joint  amount  of  the  chloride^  bromide,  and  iodide  of 

silver  is 2.807100 

Subtract  from  tliis  the  amount  of  iodide 
of  silver  corresponding  to  0.000401 
of  iodide  of  magnesium,  viz.  .  .  .  0.00082ft 
Together  with  the  amount  of  bromide 
of  silver  corresponding  to  0.000467 
of  bromide  of  magnesium,  viz.     .     .     0.000958 

Sum  total  0.001786 


There  remains     2.805314 
which  corresponds  to  Chlorine 0.69202 

According  to  8.    .     .     0.61 040  of  chlorine  is  com- 
bined with  sodium. 

And  according  to  €.  .     0.08022  of  chlorine  is  com- 
bined with  magnesium. 


Sum  total     0.69062 0.69062 

III.  The  total  amount  of  the  fixed  constituents  must  correspond 
to  the  joint  amount  of  the  several  ingredients,  (the  iron  is  to 
be  counted  as  peroxide,  since  it  is  contained  as  such  in   the 
residue.) 
Total  amount  of  the  fixed  constituents         =         1.37780 
The  estimation  of  the  several  constituents  yielded 
respectively : 

Carbonate  of  lime     .     .     .     0.06533 

„  magnesia  0.00085 

Sulphate  of  lime       .     .     .     0.15733 


494  ANALYSIS   OF   KINEBAL  WATERS.  [§   172. 

Sulphate  of  potass    .     .     .  0.01602 

soda       .     .     .  0.0152] 

Chloride  of  sodium  .     .     .  1 .0 1 1 63 

„         magnesium  0.10896 

Iodide  of  magnesium    .     .  0.00049 

Bromide  of  magnesium      .  0.00047 

Peroxide  of  iron        .     .     .  0.00066 

Silica 0.00114 


Sum  total  1.87809 

d.  Arrangement  and  classification  of  the  results. 
The  analyst  should  state,  in  the  first  place,  how  many  parts  of 
the  several  constituents  are  contained  in  100  (or  1000  or  iOOOO) 
parts  of  the  water ;  and,  in  the  second  place,  how  many  grains 
(I  lb.  =  7680 grs.)  of  the  several  constituents  are  contained  in 
one  pound  of  the  water. 

The  most  appropriate  way   of  classifying   the  results,   is  to 
enumerate  them  under  the  following  heads  : 

A.  Fixed  Constituents. 

a.  Present  in  appreciable  quantity. 

b.  Present  in  inappreciable  quantity. 

B.  Volatile  Constituents. 


Besides  stating  the  weight  of  the  carbonic  acid  and  the  gases  in 
general,  it  is  customary  to  give  the  volumes  likewise,  calculated 
upon  the  temperature  of  the  spring;  (the  volumes  should  be 
given,  in  the  first  place,  in  cubic  centimeters,  and,  in  the  second 
place,  in  cubic  inches,  [1  lb.  of  water  =  82  cubic  inches]). 

As  similar  examples  to  guide  the  young  chemist  in  calculating 
and  controlling  the  results  of  analyses  of  alkaline  waters,  I 
adduce : 

Analysis  of  the  spring  at  Geilnau,  by  Liebio. — ^Annalen  der 
Chemie  und  Pharmacie  XLII.  88.,  and 

Analysis  of  the  hot  spring  at  Asmannshausen. 

By  Fresenius  and  Will. — Annalen  der  Chemie  und  Pharmacie, 
XLVII.  198. 
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ANALYSIS  OF  THE  ASHES  OF  PLANTS. 

§  173. 

The  recent  researches  and  discoveries  of  agricultural  chemistry 
have  fully  established  the  fact,  that  plants  require  for  their  growth 
and  development  certain  inorganic  constituents,  which  are  dif- 
ferent for  the  divers  classes  of  plants ;  the  discovery  of  this  fact 
has  created  a  very  natural  desire  to  ascertain  which  inorganic 
constituents  are  respectively  indispensable  for  the  growth  of 
the  various  species  of  plants,  and  more  particularly  for  that  of  the 
cultivated  plants,  and  also  the  various  weeds,  since  the  know- 
ledge of  the  constituents  of  these  latter  enables  us  to  infer  the 
nature  of  the  soil  from  which  they  spring. — This  knowledge  may 
be  attained,  to  a  degree  of  preciseness  sufficient  at  least  for  the 
purposes  of  agriculture,  by  the  analysis  of  the  ashes  remaining 
upon  the  combustion  of  either  the  whole  plants  or  particular  parts 
of  them,  (the  fruits,  for  instance). 

The  experiments  which  have  been  made  hitherto  show  that  the 
ashes  of  plants  contain  only  a  limited  number  of  bases  and  acids  ; 
viz. 


BABES. 

ACIDS,  OR  SALT  RADICALS 

Potass 

Silicic  acid 

Soda 

Phosphoric  acid 

Lime 

Sulphuric  acid 

Magnesia 

Carbonic  acid 

Peroxide  of  iron 

Chlorine 

Peroxide  of  manganese. 

And,  besides  these,  we  find  sometimes  fluorine,  iodine,  and 
bromine  ;  and,  in  some  cases,  also  oxide  of  copper. 

The  diversity  of  these  ingredients,  and  the  circumstance  that 
some  of  them  are  usually  present  only  in  very  minute  proportions, 
render  the  devising  of  universally  applicable  methods  a  task  of 
no  inconsiderable  difficulty,  especially  as  such  methods  ought  to 
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combine  the  necessary  degree  of  preciseness  with  a  certain  degree 
of  rapidity  of  execution. 

The  general  process  of  analysing  the  ashes  of  plants,  is  properly 
divided  into  four  parts ;  viz. 

1.  The  incineration  of  tlie  plant. 

2.  T^ie  estimation  of  the  total  amount  of  ashes  yielded  by  a 
vegetable  substance, 

8.  The  actual  analysis  of  the  ashes, 

4.  The  statement  and  arrangement  of  tJie  results, 

1.  Incineration. 
§  174. 

The  first  condition  requisite  for  the  proper  incineration  of 
plants  is,  that  the  plant,  or  the  part  of  it  which  it  is  intended 
to  reduce  to  ashes,  be  perfectly  free  from  extraneous  impurities  ; 
the  second  condition  is,  that  the  ashes  contain  as  little  as  pos* 
sible  of  unconsumed  organic  ingredients. 

To  satisfy  the  first  condition,  it  is  necessary  to  select 
and  clean  with  great  care,  the  plant,  or  part  of  the  plant, 
intended  for  incineration,  without,  however,  having  recourse  to 
washing,  since  this  would  cause  a  loss  of  part  of  the  soluble 
salts.  To  satisfy  the  second  condition,  the  kind  and  nature  of 
the  plant,  or  part  of  the  plant  intended  for  incineration,  must  be 
had  regard  to. 

Woods,  stalks,  and  matter  of  similar  descriptions  are  incinerated 
best  after  having  previously  been  most  thoroughly  dried  at  a 
brisk  fire,  either  upon  a  clean  iron  plate,  or  in  a  perfectly  clean 
small  iron  stove.  Dry  seeds  are  incinerated  in  hessian  crucibles, 
which  latter,  are  to  be  placed  obliquely  amidst  red-hot  charcoal. 
In  some  cases,  perfect  incineration  is  readily  accomplished, 
when  the  ashes  will  speedily  acquire  a  white  appearance.  On  the 
other  hand,  there  are  many  seeds  that  require  long-protracted 
ignition,  even  to  the  extent  of  several  days,  to  effect  the  consump- 
tion of  the  whole,  or  at  least  of  the  greatest  part  of  the  carbon 
which    they  contain.     The  temperature  ought  to  be  kept  within 


§  175]  ANALYSIS   OF  THE   ASHES   OF  PLANTS.  49T 

certain  limits,  to  prevent  the  fusion,  or  agglutination  of  the 
ashes,  since  this  would  protect  the  still  admixed  carhon  from  the 
access  of  air,  and  would  consequently  prerent  its  combustion. 
The  whitest  and  purest  ashes  are  obtained,  if  the  operator  re- 
frains altogether  from  stirring,  or  shaking  the  carbonized  matter 
in  the  crucible,  since  this  will  leave  the  whole  mass  bulky  and 
porous,  and  thus  facilitate  the  free  access  of  air  to  all  parts. 
Succulent  roots  and  fruits  are  to  be  cut  in  slices,  which  latter  are 
thoroughly  dried  on  glass  plates,  and  subsequently  incinerated  in 
hessian  crucibles  in  the  same  manner  as  seeds. 

The  ashes  thus  prepared,  in  either  manner,  are,  if  necessary, 
kept  for  some  time  longer,  in  a  state  of  feeble  ignition,  for 
which  purpose  they  are  to  be  transferred  to  a  flat  platinum  dish, 
which  is  then  to  be  exposed  to  the  heat  of  a  spirit-  lamp,  the 
ashes  being  stirred  all  the  time.  The  ashes  are  then,  while  still 
warm,  reduced  to  a  very  fine  powder,  which  is  uniformly  inter- 
mixed and  kept  in  well-stoppered  bottles. 


2-   ESTIMATION   OP  THE   TOTAL  AMOUNT   OF  ASHES   YIELDED   BY 
A  VEGETABLE    SUBSTANCE. 

I    175. 

To  determine  the  total  amount  <^  ashes  which  a  given  vege- 
table substance  yields  upon  incineration ;  it  is  necessary,  in  the 
first  place,  to  dry  the  substance  in  question,  in  the  water-bath, 
or  should  it  contain  volatile  ingredients  under  a  bell-glass  over 
sulphuric  acid,  (§  14.)  without  applying  heat;  the  process  of 
exsiccation  is  in  either  case  continued  until  the  weight  of  the  sub- 
stance ceases  to  vary.  The  quantity  to  be  used  for  incineration 
depends  upon  the  proportion  of  fixed  constituents  present ;  in 
the  case  of  herbs  or  seeds  containing  abundance  of  fixed  con^ 
stituents,  from  2  to  8  grammes  will  yield  sufficientiy  accurate 
results,  whilst  in  the  case  of  woods,  which  yield  sometimes  as 
little  as  0.2  per  cent,  of  ashes,  10  times  the  amount  and  more 
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will  be  required.  The  process  of  incineration  is  conducted  best 
in  a  covered  platinum  crucible  with  thin  sides.  At  the  com- 
mencement of  the  process^  a  gentle  heat  only  should  be  applied, 
which  is  to  be  increased  afterwards^  the  crucible  being  opened 
and  placed  in  an  oblique  position,  with  the  removed  lid  leaning 
against  it.     (Compare  §  82.  Plate  XXIX.) 

This  method  of  estimating  the  quantity  of  the  ashes  which 
a  plant  yields,  is  not  free  from  defects^  whence  it  happens  that  the 
results  of  repeated  incinerations  of  one  and  the  same  substance  do 
not  perfectly  correspond.  Thus  the  amount  of  carbonate  of  lime 
undergoing  calcination,  and  also  that  of  the  sulphates  passing  to 
the  state  of  sulphurets,  depend  upon  the  degree  of  heat  applied, 
and  upon  the  application  of  an  intense  heat  whilst  a  considerable 
portion  of  charcoal  remains;  carbouate  of  soda  and  chloride 
of  sodium  undergo  decomposition  when  intensely  ignited  with 
silicic  acid,  and  even  simply  with  charcoal.  Upon  the  degree 
of  heat  applied,  the  duration  of  the  process  of  ignition,  the 
presence  of  alkaline  carbonates,  Slc,,  depends  the  form  in 
which  the  phosphoric  acid  is  obtained,  and  likewise  the  more 
or  less  complete  combustion  of  the  charcoal,  &c.  As  the  quan- 
tity of  ashes,  however,  which  a  plant  yields  is  not  constant, 
since  two  specimens  of  the  same  plant  never  produce  exactly  the 
same  amount  of  ashes,  we  rest  usually  satisfied  with  the  re- 
sults obtained  in  the  manner  described,  although  some  of  the 
indicated  defects  admit  of  a  remedy.  Thus,  ashes  which  do 
not  effervesce  with  acids  may  be  readily  fireed  from  charcoal 
by  moistening  them  with  nitric  acid,  and  igniting  them  again; 
the  same  end  may  be  attained  in  the  case  of  ashes  containing 
carbonates  and  sulphurets,  by  mixing  them  with  peroxide  of  mer- 
cury, and  exposing  the  mixture  subsequently  to  an  intense 
and  protracted  ignition,  which  will  moreover  serve  to  effect  the 
reconversion  into  sulphuric  acid  of  the  whole  of  the  sulphur 
present ;  thus,  carbonic  acid  which  has  escaped  may  be  replaced 
by  moistening  the  ashes  with  solution  of  carbonate  of  ammonia, 
drying,  and  subsequent  gentle  ignition,  &c. 
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3.  Actual  analysts  of  thb  ashes. 

§  176, 

The  ashes  of  plants  may  be  classed  under  the  following  heads, 
according  to  their  respective  principal  constituents. 

a.  Ashes  in  which  carbonates  of  the  alkalies  and  alkaline 
earths  predominate ;  e.  g.  the  ashes  of  woods,  of  herbaceous 
plants,  &c. 

h.  Ashes  in  which  phosphates  of  tlie  alkalies  and  alkaline 
earths  predominate ;  to  this  class  belong  the  ashes  of  nearly  all 
kinds  of  seeds. 

c.  Ashes  in  which  silicic  acid  predominates ;  e.  g.  those  of 
the  stalks  of  the  graminace®,  of  the  equisetaceee,  &c. 

This  classification,  although  it  is  quite  obvious  that  the  hmits 
between  the  different  classes  cannot  be  drawn  very  strictly,  must 
be  maintained,  in  order  to  impart  a  certain  degree  of  clearness 
and  simplicity  to  the  analytical  methods  which  I  am  now  going  to 
describe ;  for  the  general  process  requires  of  course  certain  modifi- 
cations according  to  the  respective  class  to  which  the  ashes  under 
examination  belong. 

a.    QUALITATIVE    ANALYSIS. 

The  general  constituents  of  the  ashes  of  plants  being  already 
known,  a  perfect  qualitative  analysis  of  every  kind  of  ashes  which 
may  happen  to  come  under  our  notice  would  be  superfluous.  A 
few  preliminary  experiments  suffice  to  ascertain  the  presence  or 
absence  of  the  more  rarely  occurring  constituents,  and  more 
particularly  the  class  to  which  the  ashes  under  examination 
belong.     This  preliminary  investigation  proceeds  as  follows : 

1.  The  operator  has  to  ascertain  whether  the  asfies  under 
examination  decompose  completely  when  heated  with  concentrated 
hydrochloric  acid.  Ashes  which  effervesce  strongly  when  con- 
centrated hydrochloric  acid  is  poured  over  them,  may  be  at  once 
considered  decomposed  by  this  menstruum.  The  ashea  of  the 
stalks  of  the  graminaceee,  &c.,  which  contain  a  large  proportion  of 
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silicic  acid,  are  usually  the  only  kind  of  asbes  that  resist  complete 
decomposition. 

2.  Upon  mixing  the  hydrochloric  solution  of  any  kind    of 
ashes  whatsoever,  (after  separation  of  the  silicic  acid,)  with   an 
alkaline  acetate,  or  neutralizing  it  with  ammonia,  and  adding 
subsequently  fifee  acetic  acid,  a  gelatinous  yellowish  white  preci- 
pitate of  perphospbate  of  iron  will  almost  invariably  separate. 
Now  it  becomes  necessary  to  ascertain  whether,  besides  the  p/u>n- 
phoric  acid  in  this  precipitate,  the  ashes  contain  still  a  further 
portion  of  this  add  or  not.      For   this   purpose,  the   fluid  is 
filtered  oflF  from  the  precipitated  perphospbate    of   iron,    and 
ammonia  in  excess  is  added  to  the  filtrate ;   should  this  fail   to 
produce  a  precipitate,  or  should  the  precipitate  produced  be  red, 
and  consequently  consist  of  hydrated  peroxide  of  iron,  this  is 
a  proof  that  the  ashes  contain  no  more  phosphoric  acid ;  but  if» 
on  the  contrary,  a  white  precipitate  is  formed,  (phosphate  of  lime, 
and  phosphate   of  magnesia  and  ammonia),   this  is  a  positive 
proof  that  the  ashes  contain  more  phosphoric  acid  than  the  per- 
oxide of  iron  present  is  able  to  combine  with,  and  the  ashes  are 
consequently  to  be  classed  under  the  second  head. 

3.  The  ashes  are  tested  for  manganese,  by  mixing  a  small 
portion  of  them  with  carbonate  of  soda,  and  (exposing  the  mix- 
ture on  a  platinum  plate,  to  the  external  flame  of  the  blow  pipe. 
(Compare  "  Elementary  instruction  in  Qualitative  Analysis.") 

4.  The  aslies  are  tested  for  iodine,  bromine,  and  fluorine, 
(compare  **  Elementary  instruction  in  Qualitative  Analysis,")  for 
the  two  former  elements  if  the  analyst  has  reason  to  suspect  their 
presence,  and  for  fluorine  in  cases  when  it  is  intended  to  ascer- 
tain whether  traces  of  this  element  are  present  or  not. 

b.   QUANTrTATIVE   ANALYSIS. 

I.  Ashes  in  which  the  carbonate  of  the  alkalies  or  alkaline 
earths  predominate,  and  in  which  the  whole  of  the  phosphoric 
acid  present  is  combined  with  peroxide  of  iron. 
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§   177. 

The  ashes  are  divided  into  three  portions,  which  we  will  call 
respectively  A,  B,  and  C. 

In  0  we  determine  the  carhonio  acid. 

In  B  the  chlorine. 

In  A  the  whole  of  the  remaining  constituents. 

A. 

1.  Estimation  of  the  silicic  acid,   charcoal,  and  sand. 

From  four  to  five  grammes  of  the  ashes  are  introdaced  into  a 
flask,  and  concentrated  hydrochloric  acid  is  poured  over  them, 
the  flask  heing  held  in  an  oblique  position,  to  preclude  the  carry- 
ing off  of  small  drops  of  the  fluid  by  the  evolved  carbonic  acid ;  a 
gentle  heat  is  then  applied  until  you  perceive  no  more  undecomposed 
ashes,  (with  the  exception  of  the  carbonaceous  and  sandy  particles 
which  are  almost  invariably  present,  and  may  be  readily  distin- 
guished). The  solution  is  now  carefully  transferred  to  a  porcelain 
basin,  and  evaporated  to  dryness  in  the  water-bath;  the  residue  is  then 
heated  somewhat  more  intensely,  as  is  invariably  required  to  effect 
the  separation  of  silicic  acid ;  compare  §  106.  II.  a.  (If  the  ashes 
effervesce  only  feebly  when  treated  with  hydrochloric  acid,  the 
operator  need  not  use  the  flask  at  the  commencement  of  the 
process,  but  may  conduct  the  operation  at  once  in  the  porcelain 
basin,  taking  care  simply  to  cover  the  latter  with  a  glass  plate.) 

The  dry  residue  is,  after  cooling,  moistened  with  concentrated 
hydrochloric  acid,  which  is  allowed  to  act  upon  it  for  the  space  of 
about  thirty  minutes ;  the  mass  is  then  heated  with  the  necessary 
amount  of  water,  to  incipient  ebullition,  and  the  acid  fluid  is 
subsequently  passed  through  a  tared  filter,  made  of  strong  paper 
and  dried  at  2 1  a*' F. 

The  silicic  acid  remains  upon  the  filter,  together  with  the  char- 
coal and  sand,  should  these  latter  substances  be  present.  The 
mass  upon  the  filter  is  thoroughly  washed,  carefully  dried,  and 
subsequently  transferred  from  the  filter  to  a  platinum  basin, 
without  injuring  the  filter.  (If  the  powder  be  perfectly  dry,  this 
may  be  readily  accomplished,  a  few  particles  of  charcoal  alone 
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adhering  to  the  paper*)  The  powder  is  now  heated  to  boiling 
with  pure  dilute  potass  ley,  and  kept  in  ebullition  for  half  aD 
hour,  whereupon  the  whole  of  the  silicic  acid  present  will 
gradually  dissolve^  without  the  sand  or  charcoal  being  affected. 
The  fluid  is  passed  through  the  same  filter  as  before,  and  the 
undissolved  residue  is  thoroughly  wauhed  and  subsequently  dried 
upon  the  filter  at  212^F.  until  the  weight  ceases  to  diminish.  Tbe 
weight  is  tlen  accurately  determined,  and,  after  subtracting  the 
tare  of  the  filter,  taken  into  account  as  charcoal  and  sand. 

The  filtrate  is  supersaturated  with  hydrochk)ric  acid,  and  the 
amount  of  the  silicic  acid  contained  in  it,  is  then  finally  deter- 
mined according  to  §  106.  II.  a. 

2.  Estimation  of  the  whole  of  the  remaining  consti- 

TOENTS,  with  THE  EXCEPTION  OF  CHLORINE  AND  CARBONIC 
AC1D« 

The  hydrochloric  solution  filtered  from  the  silicic  acid,  charcoal, 
and  sand,  is  most  intimately  mixed  with  the  rinsing  water,  and 
the  whole  fluid  subsequently  divided,  by  weight  or  measure,  into 
three  or,  better  still,  four  parts,  since  this  will  leave  one  part  for 
unforeseen  accidents.  The  best  way  of  proceeding  is  to  measure 
the  whole  of  the  fluid  in  an  accurately  graduated  tube,  and  to 
divide  it  subsequently  into  three  or  four  perfectly,  or  nearly  equal 
portions,  which  we  call  a,  b,  and  c,  (the  fourth  portion  being  kept 
for  unforeseen  accidents,  as  just  now  stated)* 

In  a,  we  determine  the  perphosphate  of  iron,  and  the  alkaline 
earths,  and  also  the  free  peroxide  of  iron  and  the  manganese 
which  may  happen  to  be  present. 

In  b  we  determine  the  alkalies,  and 

In  c  the  sulphuric  acid. 

a.  Estimation  of  the  perphosphate  of  iron,  dc,  and  of  the 
alkaline  earths. 

Ammonia  is  added  to  the  fluid  until  the  precipitate  prodiK^ 
is  not  entirely  redissolved  upon  agitation;  acetate  of  ^^^ 
is    then    added,   and    sufficient   free    acetic    add,    to  impart  « 
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strongly  acid  reaction  to  the  fluid;  the  character  of  the  pre- 
cipitate formed  will  readily  show  whether  it  still  contains 
phosphate  of  lime,  in  which  case  a  farther  addition  of  acetic 
acid  is  required.  The  permanent,  yellowish  white  precipitate^ 
which  separates  hest  upon  the  application  of  a  gentle  heat,  is 
PERPHOSPHATE  OF  IRON,  (8  PO5,  2  Fc,  O.,  3HO-hlO  aq.). 
The  fluid  is  now  filtered  off*  from  the  precipitate,  which  is  then 
washed  with  hot  water  and  subsequently  dried,  ignited  and  weighed, 
the  weight  being  stated  in  the  account  as  that  of  perphosphate  of 
iron.  The  formula  of  this  salt,  after  ignition,  isSPO^,  2Fe,,08, 
(compare  §  67.  4  c.) 

The  filtrate  is  supersaturated  with  ammonia  and  the  lime  and 
MAGNESIA  are  subsequently  determined  according  to  §  117.  6.  a. 

Should,  however,  a  precipitate  of  hydrated  peroxide  of  iron  form 
upon  the  addition  of  the  ammonia,  this  precipitate  must  first  be 
filtered  off*  and  determined;  and  should  an  appreciable  amount 
of  MANGANESE  be  present  either  alone  or  with  iron,  the  filtrate 
is,  after  the  supersaturation  with  ammonia,  first  to  be  pre- 
cipitated with  sulphuret  of  ammonium,  before  proceeding  to  the 
estimation  of  the  alkaline  earths.  The  precipitated  sulphuret  of 
manganese,  if  pure,  is  to  be  treated  according  to  §  81.  1.  c;  if 
containing  an  admixture  of  iron,  according  to  §  124.  1. 

b.  Estimation  of  the  alkalies. 

'ITie  fluid  h  is  mixed  with  water  of  barytes  to  alkaline  reaction, 
heated  and  subsequently  filtered.  This  process  serves  to  remove 
the  whole  of  the  sulphuric  acid,  phosphoric  acid,  peroxide  of  iron, 
and  magnesia  present.  The  precipitate  is  washed  until  the  last 
washings  are  no  longer  rendered  turbid  by  solution  of  nitrate  of 
silver ;  the  excess  of  barytes  is  removed  from  the  filtrate  by  means  i 

of  carbonate   of  ammonia  mixed  with   caustic   ammonia  ;    the  | 

barytes  precipitate  is  allowed  to  subside,  and  the  fluid  is  sub-  i 

sequently  filtered  off;  the  filtrate  is  evaporated  to  dryness  in  a 
platinum  basin,  and  the  residue  subsequently  ignited,  and  the 
chloride  of  the  alkalies  produced,  are  weighed,  the  soda  and  potass 
being  subsequently  separated  according  to  §  115.  1.  a. 
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c.  Estimation  of  the  mlphuric  add. 

The  fluid  c  is  precipitated  with  chloride  of  barium,  and  the  pre- 
cipitated sulphate  of  barytes  determined  according  to  the  cbreeuoos 
of  %  100. 

B. 

ESTIMATION   OF  THE   CHLORINE. 

A  second  portion  of  the  ashes  (from  one  to  two  grammes)  is  ac- 
curately weighed  ofif,  and  extracted  with  hot  water  mixed  with  a 
few  drops  of  nitric  add ;  the  solution  is  precipitated  with  nitrate 
of  silver,  and  the  precipitated  chloride  of  silver  is  finally  determined 
according  to  the  instructions  given  at  §  107.  1.  a. 

C. 

ESTIMATION    OF  THE   CARBONIC  ACID. 

The  carbonic  acid  is  determined  in  a  third  portion  of  the  ashes» 

according  to  the  directions  of  §  106.  II.  b.  (The  quantity  of  the 

ashes  to  be  operated  upon  for  this  purpose,  depends  upon  the 

,  greater  or  less  proportion  of  carbonic  acid  which  they  may  happen 

to  contain.) 

II.  Ashes  which  are  decomposed  hy  hydrochloric  acid;  and 
contain  an  additional  amount  of  phosphoric  acid^  besides  that 
which  is  combined  with  peroxide  of  iron. 

§178. 

The  general  process  is  the  same  with  that  described  sub.  I. 
(§  177} ;  it  undergoes,  however,  certain  modifications  in  the 
following  numbers. 

l.InA.  2.  a. 

The  fluid  filtered  off  from  the  precipitated  perphosphate  of 
iron,  is  precipitated  with  neutral  oxalate  of  ammonia,  (§  76.  2. 
b,  p.),  and  the  fluid  is  then  filtered  off  from  the  precipitated 
oxalate  of  lime,  the  magnesia  being  finally  precipitated  from  the 
filtrate,  by  means  of  phosphate  of  soda  and  ammonia.  But  should 
an  appreciable  amount  of  manganese  be  present,  perchloride  of 
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iron  is  to  be  added  to  the  fluid  filtered  off  from  the  perphosphate 
of  iron  (and  whioh  contains  still  acetated  alkali)^  until  the  mixture 
appears  distinctly  red  from  the  peracetate  of  iron  formed ;  the  mix- 
ture is  then  boiled  for  a  considerable  time  and  subsequently  filtered 
hot.  This  process  serves  to  eliminate  the  whole  of  the  phosphoric 
acid  present,  leaving  manganese,  lime,  and  magnesia  alone  in  solu- 
tion as  chlorides.  The  latter  three  substances  are  then  separated 
according  to  §  122.  a.  Should  the  precipitate  of  sulphuret  of 
manganese  contain  an  admixture  of  iron,  (which  is  generally  the 
case,)  these  two  metals  are  to  be  separated  from  one  anotlier  ac- 
cording to  the  directions  given  at  §  124.  1. 

2.  In  A.  2.  c. 

Besides  the  sulphuric  acid,  the  total  amount  of  the  phosphoric 
acid  is  to  be  determined  in  the  fluid  c. 

For  this  purpose  the  fluid  filtered  off  firom  the  precipitated  sul- 
phate of  barytes  is  concentrated  by  evaporation,  neutralized  nearly 
with  ammonia,  acetate  of  soda  added  in  excess,  and  subsequently 
perchloride  of  iron,  and  the  further  operation  proceeded  with 
strictly  according  to  the  directions  given  at  §  101.  II.  ^C 

III.  AnliCH  which  are  noi  completely  decomposed  hy  hydro* 
chloric  acid, 

§179. 

Carbonic  acid  is  rarely  found  in  ashes  of  this  description; 
should  any  of  this  acid  be  present,  however,  this  is  to  be  deter- 
mined according  to  the  directions  of  I.  (§  177).  The  same  ap- 
pUes  to  chlorine.  With  regard  to  the  estimation  of  the  other 
constituents,  I  have  to  observe  that  the  ashes  require  to  be 
decomposed  by  alkalies,  first,  before  they  are  to  be  acted  upon 
with  hydrochloric  acid  in  the  usual  manner ;  it  is  consequently 
necessary  to  determine  the  alkalies  in  a  separate  portion  of  the 
ashes.     The  operation  proceeds  as  follows  : 

a.  Estimation  of  the  silicic  acid,  the  perphosphate  or 

IKON,  THE  ALKALINE  EAKTHS,  &C. 
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Pure  potass  or  soda  ley  is  poured  over  aboat  four  grammes 
of  the  ashes,  and  the  mixture  is  then  evaporated  to  dryness 
in  a  platinum  or  silver  basin.  This  process  serves  to  de- 
compose the  whole  of  the  silicates  contained  in  the  ashes,  with- 
out  affecting  the  sand  that  may  happen  to  be  present,  or,  at  all 
events,  affecting  the  latter  substance  only  to  an  exceedingly 
trifling  extent.  The  heat  should  not  be  raised  sufficiently  high, 
towards  the  end  of  the  process,  to  fuse  the  mass.  Dilute  hydro- 
chloric acid  is  now  poured  over  the  residue,  the  mixture  is  eva- 
porated, and  the  residue  again  acted  upon  with  hydrochloric  acid ; 
the  hydrochloric  solution  is  filtered  off  from  the  insoluble  residue, 
(silicic  acid,  charcoal,  and  sand,)  and  the  latter  subsequently 
treated  as  directed  at  I.  A.  1.  (§  177.)  The  filtrate  is  treated 
as  directed  at  I.  A.  2.  (with  the  exception,  of  course,  of  that 
part  of  the  process  which  relates  to  the  estimation  of  the  alkalies, 
since  these  must  of  necessity  be  determined  in  a  separate  portion 
of  the  ashes,  as  already  stated.) 

b.  Estimation  of  the  alkalies. 

A  second  portion  of  the  ashes  (about  three  grammes)  ar^  de- 
composed with  four  times  the  amount  of  hydrated  barytes,  in  a 
platinum — or  silver — crucible,  (compare  §  20.  b,  p.)  The  re- 
sidue is  treated  with  hydrochloric  acid,  the  mixture  is  evaporated, 
the  residue  again  acted  upon  with  hydrochloric  acid,  and  the 
solution  filtered  off  from  the  silica,  the  filtrate  being  finally 
treated,  strictly  according  to  the  directions  of  I.  A.  2.  b.  (§ 
177). 

4.  method  of  stating  and  arranging  the  results. 
§  180. 

It  is  only  very  recently  that  chemists  have  begun  to  turn 
their  attention  seriously  to  the  analysis  of  the  ashes  of  plants, 
for  the  benefit  of  vegetable  physiology  and  agriculture.  The 
questions  which  it  is  intended  to  solve  by  the  analysis  of  the 
nshes  of  plants,  nrc  in  the  main  the  following  : 
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1.  Do  plants  absolutely  require  certain  constituents  in  certain 
definite  proportions?  and  if  they  do,  what  are  those  consti- 
tuents ? 

2.  May  some  of  the  inorganic  constituents  of  plants  be  replaced 
by  others  ? 

3.  Has  every  plant  a  definite  saturation  capacity,  that  is,  in 
other  terms,  is  the  amount  of  oxygen  contained  in  the  bases  pre- 
sent, invariably  the  same  ? 

It  is  quite  obvious  that  a  proper  and  satisfactory  solution  of 
these  questions  can  be  expected  only  from  the  results  of  an  ex- 
ceedingly large  number  of  analyses,  and  that  consequently  a 
great  many  chemists  must  contribute  towards  the  final  solution. 

Under  these  circumstances,  it  is  of  the  utmost  importance  that 
the  respective  results  of  the  various  analyses  should  be  stated  and 
arranged  in  a  uniform  and  corresponding  manner,  so  that  they 
may  readily  and  without  previous  calculation  admit  of  mutual 
comparison. 

Since  the  manner  in  which  the  bases  and  acids  found  were 
originally  combined  in  the  plants  cannot  be  inferred  from  the 
ashes  with  any  degree  of  positive  certainty,  and  since,  moreover, 
as  I  have  already  had  occasion  to  state,  the  form  in  which  the 
phosphoric  acid  is  obtained,  &c.  differs  according  to  the  degree 
of  heat  employed,  &c.,  it  is  unquestionably  the  most  judi- 
cious way  to  enumerate  the  percentage  weights  of  the  bases  and 
acids  separately.  Chlorine,  however,  is  to  be  arranged  as  chlo- 
ride of  sodium ;  (and,  should  the  quantity  of  soda  present  be 
insufficient  for  this  purpose,  chloride  of  potassium) ;  the  propor- 
tion of  sodium  contained  in  the  chloride  is  to  be  calculated  upon 
soda,  and  the  calculated  weight  of  the  latter  finally  subtracted 
from  the  total  amount  of  soda  formed  ;  since,  otherwise,  a  surplus 
would  be  invariably  obtained  in  the  analysis,  the  chloride  of 
sodium  originally  present  in  the  ashes  being  reckoned  as  chlorine 
and  soda,  instead  of  chlorine  and  sodium,  as  it  ought  to  be.  Should 
any  manganese  have  been  found,  this  is  to  be  given  as  manganoso- 
raanganic  oxide,  since  it  exists  as  such  in  the  ashes. 
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The  following  analysis  of  the  ashes  of  beech  seeds,  by  Sou 

may  serve  as  an  illustration : 

Potass             .....       18.18 

Soda 

7.65 

Time 

19.47 

Magnesia 

9.86 

Peroxide  of  iron 

2.12 

Manganoso-manganic  oxide 

2.47 

Phosphoric  acid 

16.68 

Sulphuric  acid 

1.76 

Chloride  of  sodium 

0.69 

Silica 

1.49 

Carbonic  acid 

9.11 

Charcoal  and  sand 

9.89 

97.95 


It  is  evident,  however,  that  this  kind  of  statement  is  not  suffi- 
ciently precise  for  an  accurate  comparison  of  the  results  given 
with  those  of  another  analysis,  since  we  find  here  near  twenty 
per  cent,  of  substances  enumerated  which  are  altogether  imma- 
terial, viz.,  carbonic  acid,  charcoal,  and  sand.  For  the  propor- 
tion in  which  these  substances  are  present  in  the  ashes  of  plants, 
nay,  their  very  presence,  depends  altogether  upon  accidental  cir- 
cumstances, such  as  the  degree  of  care  with  which  the  vegetable 
substances  are  cleaned  previously  to  incineration,  the  degree  of 
heat  used,  and  the  extent  of  time  that  the  process  of  ignition  lasts. 

To  render  the  mutual  comparison  of  the  results  obtained  in 
several  analyses  practicable,  it  is  necessary  to  strike  out  the  num- 
bers for  the  inessential  ingredients,  viz.,  carbonic  acid,  sand,  and 
charcoal,  and  to  calculate  the  weight  of  the  remaining  essential 
constituents  upon  one  hundred  parts. 

This  calculation  will  give  the  following  results  for  the  above 
quoted  analysis : 

Potass  .....       22.82 

Soda  ......         9.50 
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Lime               .            .             .            .            . 

«4.60 

Magnesia        .             .             .             .             . 

11.04 

Peroxide  of  iron          .             .             .             • 

2.67 

Manganoso-manganio  oxide    . 

3.11 

Phosphoric  acid 

20.81 

Sulphuric  acid 

2.20 

Chloride  of  sodium     . 

0.87 

Silica              .... 

1.88 

509 


100.00 
To  satisfy  all  demands,  it  is  therefore  necessary  to  state 
the  results  of  every  analysis  of  vegetable  ashes,  both  ways. 
The  first  statement  will  enable  chemists  to  pronounce  upon 
the  accuracy  of  the  results,  whilst  the  second  statement  will 
render  mutual  comparisons  between  the  results  of  several  ana- 
lyses practicable.  Should  the  analyst  feel  desirous  to  render  his 
statement  still  more  complete,  he  may  also  calculate  the  pro- 
portional amount  of  oxygen  contained  in  the  several  bases,  and 
communicate  the  resulting  sum  total  of  this  element. 


III.  ANALYSIS  OF  SOILS.* 


§  181. 

The  proposition  being  established  that  every  plant  requires  for 
its  growth  and  development  certain  inorganic  matters  which  are 
provided  by  the  soil  in  which  it  grows,  it  is  self-evident  that  the 
knowledge  of  the  composition  of  the  soil  must  be  a  subject  of 
paramount  importance  to  the  practical  farmer,  whether  he  wishes 
to  know  to  which  kind  of  plants  a  given  soil  will  afford  the  re- 

*  I  cannot  begin  this  chapter  without  expressing  my  warmest  thanks  to 
Professor  Otto  for  the  great  benefit  which  I  have  derived  from  his  excel- 
lent paper  on  the  analysis  of  soils,  (vide  SpRXNGBLL'iB  Bodbnkundb.) 
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quisite  sustenance — or  whether  he  wishes  to  adapt  a  soil  for  the 
cultiyation  of  a  certain  definite  plant  by  a  proper  supply  of  ma- 
nure. 

But  as  plants  can  absorb  with  their  roots  substances  in  a 
state  of  solution  only,  it  is  not  sufficient  for  their  growth  and 
proper  development  that  the  necessary  ingredients  should  be  pre- 
sent in  the  soil ;  but  it  is  necessary,  moreover,  that  these  ingre- 
dients should  be  present  in  a  form  admitting  of  their  absorp- 
tion by  the  roots  of  the  plants.  If,  therefore,  the  analysis  of  a 
soil  is  intended  to  enable  the  agriculturist  to  judge  of  the  appro- 
priateness of  the  analysed  soil  for  the  cultivation  of  a  certain 
plant,  it  is  necessary  not  only  to  know  what  are  its  consti- 
tuents, but  the  form  or  state  in  which  these  constituents  are 
present  in  the  examined  soil. 

In  this  point  of  view,  the  inorganic  constituents  of  the  soil  may 
be  ranged  under  three  heads  : 

1.  Constituents  which  dissolve  in  water. 

2.  Constituents  which,  though  not  dissolving  in  water,  dissolve 
in  dilute  acids. 

3.  Constituents  which  dissolve  neither  in  water  nor  in  dilate 
acids. 

The  ingredients  belonging  to  the  first  class  are  supplied  di- 
rectly to  the  plants  with  the  water  which  they  imbibe  from  the 
soil.  The  absorption  of  the  ingredients  of  the  second  class  is 
somewhat  more  difficult,  since  these  ingredients  are  rendered 
soluble  only  by  the  agency  of  carbonic  acid,  and  of  the  acid 
decomposition  products  of  decaying  organic  substances,  (humic 
acid).  The  constituents  belonging  to  the  third  class  require  a 
thorough  modification,  before  they  can  exercise  any  influence 
upon  the  development  of  plants;  and  this  modification  they 
suffer  slowly  and  gradually  by  the  progressive  disintegration  and 
decomposition  of  their  particles. 

The  ingredients  which  are  soluble  in  water  serve  therefore 
for  immediate  use,  whilst  those  soluble  in  acids  exercise  a 
more  permanent  action,  and  those,  finally,  which  are  alto- 
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gether  insoluble,  afford  a  prospect  of  future  nourishment  for 
plants,  although,  for  the  time  being,  they  possess  no  nutritive 
powers. 

But  besides  the  inorganic  constituents,  we  find  in  most,  in 
fact  nearly  in  all  soils,  organic  substances  (yegetable  and  animal 
remains)  and  the  products  of  their  decomposition.  That  these 
organic  substances  exercise  a  material  influence  on  the  fertility 
of  the  soil  is  unquestionable ;  and,  whatever  views  we  may  en- 
tertain  as  to  the  manner  of  this  influence,  this  much  is  certain, 
that  it  is  highly  important  to  obtain  also  a  knowledge  of  the 
quantity  contained  in  the  soil,  and  their  exact  nature. 

Having  thus  briefly  indicated  the  object  which  the  analysis  of 
soil  is  intended  to  attain,  I  will  now  proceed  to  describe  a  simple 
and  accurate  method  of  proceeding  in  the  analysis,  arranged  under 
three  heads, viz  ,  1,  Qualitative  analysis;  2,  Quantitative  analysis, 
and,  3,  the  way  of  statiug  and  arranging  the  results.  To  enter  into 
a  minute  investigation  into  the  physical  and  mineralogical  condi- 
tions of  soils,  or  to  draw  conclusions  for  the  practical  purposes 
of  agriculture,  from  the  analytical  results,  would,  of  course,  be 
altogether  beside  the  purpose  of  the  present  work. 

1.    QUALITATIVE    ANALYSIS. 

§  182. 

A  simple  reflection  upon  the  origin  of  arable  soil  suffices 
to  show  that  a  soil  may  contain  all  elements  without  exception. 
In  most  cases,  however,  we  have  to  deal  only  with  a  limited 
number  of  elements  and  compounds,  and  more  particularly  with 
the  following : 

Inorganic  constituents. 

Chlorine,  sulphuric  acid,  phosphoric  acid,  silicic  acid,  carbonic 
acid,  and  sometimes  also  nitric  acid. 

Potass,  soda,  ammonia,  lime,  magnesia,  alumiua,  manganese 
and  iron 
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Organic  constituent  ft. 

Vegetable  remains,  hnmic  acid,  humine,  waxy  and  resinous 
matters. 

The  object  of  tbe  qualitative  analysis  of  soils  is  twofold,  viz., 
1,  to  detect  all  the  constituents  present,  and  the  form  and  state 
in  which  they  exist ;  and,  2,  to  indicate  which  of  these  con- 
stituents are  present  in  appreciable  quantities.  These  objects 
the  qualitative  analysis  ought  to  attain  in  the  most  simple  and 
expeditious  manner. 

The  earth  intended  for  analysis  is  collected  from  a  great 
number  of  different  parts  and  various  depths  of  the  surface-soil ; 
the  collected  mass  is  triturated,  spread  upon  a  sheet  of  paper, 
and  allowed  to  dry  in  the  air  on  a  spot  well  protected  against 
dust.  The  dry  earth  is  then  uniformly  mixed,  and  kept  in  a 
well-stoppered  bottle. 

In  the  following  instructions  I  suppose  that  the  earth  is  to  be 
subjected  both  to  the  processes  of  qualitative  and  to  those  of 
quantitative  analysis,  and  I  have  therefore  given  the  quantities 
which  will  suffice  for  both  purposes.  If  the  analyst  purposes  a 
qualitative  investigation  only,  he  may,  of  course,  operate  upon 
a  smaller  quantity,  and  omit  altogether  the  process  of  weighing 
&c.,  which  is  only  required  for  the  purposes  of  the  quan-. 
titative  analysis. 

a.  Detection  of  those  ingredients  of  the  soil  which  abb 

SOLUBLE  IN  WATER. 

1200  grammes  of  the  uniformly  mixed  dry  earth  are  intro- 
duced into  a  porcelain  basin,  a  sufficient  quantity  of  water  is 
poured  over  them,  and  the  mixture  is  then  heated  nearly  to  the 
boiling  point,  and  kept  thus  for  about  one  hour;  the  solvent 
action  of  the  water  being  aided  by  frequent  stirring.  The  fluid  is 
then  passed  through  a  moistened  filter,*  and  the  residue  repeat- 

*  The  best  way  is  to  transfer  first  the  larger  fragments  of  the  undissolved 
sediment  to  the  filter,  and  then  to  pour  the  fluid  upon  it,  since  otherwise 
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edly  washed  with  fresh  quantities  of  hot  water>  until  a  portion  of 
the  last  rinsings^  upon  evaporation  on  a  platinum  plate,  leaves 
at  least  only  a  hardly  perceptible,  residue.  (Earths  containing 
much  gypsum  require  long  protracted  washing.)  The  filtrate  and 
the  rinsing  water  aro  uniformly  mixed,  and  the  whole  fluid  is  then 
accurately  weighed.  The  aqueous  solution  corresponds  to  the 
whole  amount  of  earth  from  which  it  has  been  prepared,  viz.,  to 
1200  grammes ;  we  may  therefore  take  from  this,  at  pleasure,  the 
quantities  necessary  for  the  qualitative  analysis,  since  it  is  easy 
to  calculate  afterwards  every  weighed  portion  of  the  remainder  of 
the  fluid,  upon  the  original  total  amount. 

a.  A  small  portion  of  the  fluid  is  acidified  with  nitric  acid  and 
divided  into  two  portions,  one  of  which  is  tested  for  sulphuric 
ACID,  with  chloride  of  barium,  and  the  other  for  hydrochloric 
ACID,  with  nitrate  of  silver. 

p.  About  one-sixth  part  of  the  total  quantity  of  the  fluid  is 
acidified  with  hydrochloric  acid,  and  subsequently  concentrated  by 
evaporation  ;  a  small  portion  of  the  concentrated  fluid  is  then 
tested  for  ammonia,  with  hydrate  of  lime. 

Some  nitric  acid  is  added  to  the  rest  of  the  concentrated 
fluid,  and  the  mixture  evaporated  to  dryness ;  the  residue  is  very 
feebly  ignited,  to  consume  any  organic  substance  which  may 
happen  to  be  present  and  when  this  has  been  effected,  heated 
with  hydrochloric  acid;  the  white  sediment  which  remains 
undissolved  consists  of  silicic  acid.  (The  reaction  with  car- 
bonate of  soda  before  thfe  blow-pipe  may  be  resorted  to  as  a  con- 
clusive test — compare  "Elementary  instructions  in  Qualitative 
Analysis.") 

The  solution  filtered  off  from  the  silicic  acid  is  divided  into  two 
portions,  and  ammonia  added  to  the  one;  should  a  precipitate 
form,  this  may  consist  of  a  mixture  of  hydrated  alumina, 
with  hydrated  peroxide  of  iron,  which  may  subsequently  be 

the  minute  particles  which  are  Buspended  in  the  fluid  might  tend  to  choke 
up  the  pores  of  the  filter. 

L  L 
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separated  from  one  another  by  means  of  potass^  and  of  which 
the  former  may  be  more  positively  identified  by  adding  sal  am- 
moniac to  the  potass  solution,  and  the  latter  by  means  of  ferro- 
cyanide  of  potassium.  Whether  the  detected  iron  existed  in  the 
soil  in  the  form  of  peroxide  or  of  protoxide,  may  be  decided  by 
testing  a  portion  of  the  original  solution  (which  may  be  concen- 
trated, if  necessary)  with  ferro  and  ferri-cyanide  of  potassiunu 

The  fluid  which  has  been  filtered  off  from  the  mixed  precipitate 
of  iron  and  alumina,  is  tested  for  manganese,  with  sulphuret  of 
ammonium. 

The  fluid  filtered  off  from  the  sulphuret  of  manganese,  which 
may  precipitate  upon  the  addition  of  the  sulphuret  of  ammonium, 
is  tested  for  lime,  with  oxalate  of  ammonia ;  the  fluid  is  again 
filtered  off  from  the  precipitated  oxalate  of  lime,  and  the  filtrate 
is  subsequently  tested  for  maonesia  by  means  of  phosphate  of 
soda. 

The  second  portion  of  the  fluid  filtered  off  from  the  silicic  acid 
is  evaporated  to  dryness,  and  the  residue  subsequently  gently 
ignited ;  the  residue  is  dissolved  in  water,  an  excess  of  water  of 
barytes  added,  and  heat  applied ;  the  fluid  is  passed  through  the 
filter,  and  the  excess  of  the  barytes  is  subsequently  removed  from 
the  filtrate  by  means  of  carbonate  of  ammonia,  which  serves 
also  to  remove  the  lime  which  may  happen  to  be  present  Th6 
fluid  is  filtered  off  from  the  precipitated  carbonate  of  barytes,  (and 
carbonate  of  lime,)  and  the  filtrate  is  subsequently  evaporated  to 
dryness,  and  the  residue  ignited ;  the  potass  in  the  ignited  residue 
is  identified  by  means  of  tartaric  acid  or  bichloride  of  platinum ; 
and  the  soda  by  the  blow-pipe  flame. 

y.  Another  sixth  of  the  original  solution  is  concentrated  by 
evaporation,  and  the  concentrated  fluid  is  divided  into  four  por- 
tions. 

The jfirst  portion  is  tested  with  turmeric  paper;  if  this  turns 
brown,  and  if  the  addition  of  hydrochloric  acid  to  the  heated 
solution  causes  effervescence,  this  indicates  the  presence  of  car- 
bonic acid  (in  combination  with  an  alkali,)     The  second  por- 
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tion  is  tested  for  nitric  acid,  with  pure  concentrated  sulphuric 
acid  and  solution  of  indigo.  The  third  portion  is  tested  for 
PHOspflORic  ACID,  by  acidification  with  acetic  acid,  and  subsequent 
addition  of  an  exceedingly  minute  amount  of  perchloride  of  iron 
and  of  an  excess  of  acetate  of  soda.  The  fourth  portion  is  tested 
for  ORGANIC  SUBSTANCES  (humic  acid,  &c.)  by  evaporation  to 
dryness  and  gentle  ignition  of  the  residue.  If  the  latter  turns 
black  without  emitting  the  odor  of  singed  hair,  this  is  a  sign  that 
the  organic  substances  present  are  free  from  nitrogen  ;  the  emis- 
sion of  this  odor,  during  the  ignition  of  the  residue,  indicates  the 
presence  of  nitrogenous  organic  substances.  In  the  latter  case, 
the  fumes  which  escape  upon  the  carbonization  of  the  residue,  im- 
part a  brown  tint  to  turmeric  paper. 

The  remainder  of  the  aqueous  extract  is  kept  in  a  well-stoppered 
bottle,  marked  Solution  I.,  to  serve  subsequently  for  the  pro- 
cesses of  the  quantitative  estimation. 

b.  Detection  of  those  constituents  op  the  soil  which 

ARE  insoluble  IN  WATER,  BUT  SOLUBLE  IN  DILUTE  HYDROCHLORIC 
ACID. 

The  insoluble  part  of  the  earth  which  remains  upon  the  filtra- . 
tion  of  the  aqueous  extract  (vide  a.)  is  dried  on  the  filter, 
•separated  fi*om  it,  carefully  intermixed  in  a  mortar,  and  the 
sixtieth  part  of  the  whole  amount  accurately  weighed  off,  and 
introduced  into  a  glass  flask  containing  some  water,*  with  which 
it  is  made  into  a  uniform  thin  pasty  mass,  by  gentle  agitation. 
Heat  is  then  applied,  and  a  sufficient  excess  of  hydrochloric 
acid  gradually  poured  into  the  flask.t  When  the  mixture  is 
thus  kept  from  one  to  two  hours  longer,  exposed  to  a  tempe- 
rature approaching  the   boiling  point,  the   action   of  the   acid 

*  Should  the  earth  contain  a  somewhat  considerable  proportion  of  organic 
ingredients,  the  transfer  of  this  portion  of  the  earth  to  the  flask  is  to  be  pre- 
ceded by  gentle  ignition,  which  should  be  maintained  until  the  organic 
constituents  are  completely  consumed. 

t  Should  this  cause  effervescence,  the  hydrochloric  acid  is  to  be  added  in 
small  portions,  to  guard  agunst  loss  by  foaming. 

L  L  2 
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being  aided  by  frequent  shaking  of  the  flask.  The  fluid  is  sub* 
sequendy  passed  through  a  moist  filter  with  the  some  precaution 
as  at  a,  vide  page  512^  foot  note,)  and  the  insoluble  residue  washed 
with  water  until  the  rinsings  cease  to  manifest  an  acid  reactioiL. 

The  filtrate  and  rinsing  water  are  intimately  mixed  and  the 
whole  fluid  is  accurately  weighed;  it  corresponds  to  twenty 
grammes  of  the  earth. 

This  fluid  is  now  subjected  to  the  following  tests : 

a.  A  portion  of  the  fluid  is  tested  with  chloride  of  barium,  for 

SULPHURIC  ACID. 

^.  Another  portion  is  tested  with  ferricyanide  of  potassium,  for 

PROTOXIDE  OF  IRON. 

y.  Another  portion  is  tested  with  ferrocyanide  of  potassium, 

for  PEROXIDE   OF  IRON. 

8.  Another  portion  (about  two-fifths  of  the  whole)  is  evaporated 
to  dryness ;  some  nitric  acid  being  added  during  the  process  of 
evaporation  ;  the  residue  is  tested  with  concentrated  hydrochloric 
acid ;  should  an  insoluble  white  sediment  remain,  this  consists  of 

SILICIC  ACID. 

c.  The  fluid  Altered  ofi*  from  the  undissolved  silicic  acid  (should 
there  have  been  any)  is  divided  into  two  parts,  in  the  proportion 
of  two-thirds  to  one -third,  and  of  which  we  will  call  the  former  aa^ 
the  latter  bh. 

aa.  is  mixed  with  ammonia  until  a  precipitate  begins  to  form ; 
some  acetic  acid  is  then  added  and  subsequently  acetate  of  soda 
in  excess;*  the  mixture  is  boiled  for  some  time  and  filtered 
hot.  The  precipitate  (which,  under  all  circumstances,  contains 
the  whole  of  the  phosphoric  acid  present)  is  washed  with  hot 
water,  transferred  together  with  the  filter  to  a  porcelain  dish, 
and  dissolved  in  a  little  hydrochloric  acid ;  the  solution  is 
then  mixed  with  water,  and  ammonia  added  to  alkaline  reac- 
tion ;  sulphuret  of  ammonium  is  then  finally  added  in  excess. 
The  fluid  is  filtered  off  from  the  precipitated  sulphuret  of  iron, 

*  Should  the  hydrochloric  solution  contain  no  iron,  perchloride  of  iron  is 
to  be  added  until  the  fluid  appears  distinctly  red* 
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and  the  latter  is  washed  with  water  mixed  with  stilphuret  of  am- 
moniam.  The  filtrate  is  concentrated  by  evaporation,  sulphate  of 
magnesia  added^  and  the  mixture  stirred ;  the  formation  of  a  crys- 
talline precipitate  shows  the  presence  of  phosphoric  acib.  The 
fluid  filtered  ofi^  from  the  precipitate  produced  upon  boiling  aa 
with  acetate  of  soda,  is  tested  for  lime,  by  means  of  oxalic  acid, 
and  the  fluid  filtered  off  from  the  precipitated  oxalate  of  lime  is 
subsequently  tested  for  magnesia  by  means  of  phosphate  of  soda. 

hb.  is  evaporated  nearly  to  dryness,  and  the  residue  subsequently 
dissolved  in  water,  an  excess  of  barytes  is  then  added,  and  the 
further  process  of  testing  for  soda  and  potass  conducted  exactly 
as  at  a.  jS. 

The  precipitate  produced  by  the  water  of  barytes  is  tested  for 
MANGANESE,  with  carbouate  of  soda  before  the  blow-pipe,  and  for 
ALUinNA,  by  boiling  with  potass,  and  mixing  the  potass  solution 
subsequently  with  sal  ammoniac. 

The  remainder  of  the  hydrochloric  solution,  which  will  consist 
of  about  one  half  of  the  total  amount,  is  kept  in  a  well-stoppered 
bottle,  to  serve  for  the  processes  of  the  quantitative  estimation. 
This  bottle  is  marked  Solution  II. 

c.  Detection  of  those  constituents  of  the  soil  which 

ARE  INSOLUBLE  BOTH  IN  WATER  AND  DILUTE  ACIDS. 

That  part  of  the  soil  which  is  insoluble  both  in  water  and 
hydrochloric  acid,  consists  generally  of  a  mixture  of  clay  with  the 
detritus  of  various  minerals.  In  many  cases  it  wiU  be  sufficient  to 
wash  off  the  finer  from  the  coarser  particles,  and  to  subject  the 
latter  to  a  microscopic  examination.  But  in  cases  when  it  is 
desirable  to  discover  the  composition  of  this  undissolved  part 
more  accurately,  it  is  necessary  to  decompose  and  dissolve  it. 
This  may  be  accomplished  in  many  instances  by  treating  the  un- 
dissolved residue  with  concentrated  sulphuric  acid.  In  some  cases, 
however,  even  this  powerful  acid  leaves  still  an  undissolved  resi- 
due, which  requires  for  its  decomposition  and  ultimate  solution 
to  be  fluxed  with  alkalies. 


518  ANALYSIS  OF  SOILS.  [§    IBS. 

The  process  is  conducted  as  follows : 

The  washed  residue  of  b  is  thoroughly  dried^  careftilly  separated 
from  the  filter,  and  yery  finely  levigated  in  an  agate  mortar; 
the  powder  is  transferred  to  a  platinum  basin,  (glass  or  porcelain 
vessels  do  not  answer  equally  well,)  and  from  6  to  8  times  its 
weight  of  pure  concentrated  sulphuric  acid  poured  over  it  The 
mixture  is  then  heated  to  gentle  ebullition  and  maintained  in  this 
state  under  a  good  drawing  chimney,  until  nearly  the  whole  of  the 
sulphuric  acid  is  expelled,  and  the  residue  appears  almost  dry. 
The  residue  is  then  treated  with  hydrochloric  acid,  water  added, 
and  the  mixture  heated  once  more  :  the  fluid  is  now  finally  filtered 
ofiT  £rom  the  undissolved  residue,  and  the  latter  is  thoroughly 
washed. 

The  filtrate  is  divided  into  two  equal  portions,  and  one  half 
tested  for  iron,  manganese,  alumina,  lime,  magnesia,  potass,  soda, 
and  phosphoric  acid,  according  to  the  directions  given  at  b,  with 
this  difference,  that  the  silicic  acid  need  not  be  separated*  The 
other  half  is  kept  in  a  well-stoppered  bottle,  to  serve  for  the  sub- 
sequent operations  of  the  quantitative  estimation.  This  bottle  is 
marked  Solution  III. 

The  residue,  which  consists  either  simply  of  separated  silicic 
acid,  or  contains  also  undecomposed  minerals,  is  dried  on  a 
filter,  separated  fi*om  it,  and  boiled  with  dilute  potass  ley,  or  with 
a  solution  of  carbonate  of  soda.  If  the  residue  dissolves  com- 
pletely in  the  potass  or  the  solution  of  carbonate  of  soda,  this  is  a 
proof  that  it  consisted  of  silicic  acid  alone ;  but  if  a  residue  re- 
mains, this  consists  of  undecomposed  minerals. 

To  discover  the  constituents  of  the  latter  the  solution  is  to  be 
filtered  ofi*  from  the  undissolved  sediment,  and  the  latter  tho- 
roughly washed.  The  whole  of  the  filtrate  is  kept  for  the 
quantitative  estimation  of  the  silicic  acid;  the  bottle  is  marked 
Solution  IV.  The  residue  is  dried,  weighed,  and  divided  into 
two  equal  portions,  which  we  will  call  respectively  aa  and  bb  ; — 
aa  is  fluxed  with  carbonate  of  soda,  bb  with  hydrate  of  barytes. 
^Compare  §  20  a.  and  ^.)   The  silicic  acid  is  then  separated  from 
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both  portions,  in  the  usual  manner,  the  hydrochloric  solutions 
obtained  are  weighed,  and  the  one  half  of  the  solution  of  aa  is 
tested  for  iron,  manganese,  alumina,  lime,  magnesia,  and  phos* 
phone  acid,  and  one  half  of  the  solution  of  bb  for  potass  and  soda 
—compare  &  The  other  halves  of  aa  and  bb  are  kept  for  the  sub- 
sequent operation  of  the  quantitative  estimation,  that  of  aa  being 
marked  Solution  V.,  that  of  bb  Solution  VI. 

d.    Detection  of  the   organic  substances   present  in 

TUB   SOIL. 

If  the  analytical  processes  a  and  b  indicate  the  presence  of 
organic  substances,  and  the  analyst  wishes  to  discover  the  kind 
and  nature  of  these  substances,  he  must  take  fresh  portions  of  the 
soil  to  operate  upon.  The  method  of  detecting  the  organic  con- 
stituents serves  also  for  their  quantitative  estimation,  and  I  tliere- 
fore  refer  the  student  to  §  183,  from  e  to  t. 

2.  quantitative  analysis. 
§  183. 

The  method  described  in  the  last  section  besides  effecting  the 
detection  of  the  constituents  of  the  soil,  serves  also,  as  we  have 
seen,  to  prepare  these  constituents  for  quantitative  estimation; 
since  we  have  now  already  the  whole  of  the  constituents  in  solu- 
tion corresponding  to  a  known  quantity  of  the  earth,  and  may 
thus  readily  calculate  them  upon  one  hundred  parts. 

a.   ESTIMATION  OF  THE  WATER. 

Ten  grammes  of  the  earth  are  dried  in  the  water-bath  until  the 
weight  ceases  to  vary ;  the  loss  of  weight  is  then  ascertained. 
(The  dry  earth  is  preserved  for  g.) 

b.   ESTIMATION   OF   THE    CONSTITUENTS     WHICH   ARE    SOLUBLE   IN 

WATER. 

''  Solution  I."  (^  182)  is  divided  (by  weighing  or  measuring) 
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into  four  parts,  which  we  will  call  respectively  a,  ft,  y,  and  S ; 
the  three  former  ^ould  consist  each  of  about  one-fifth  psrt  of 
the  whole,  and  3  contain  the  two  remaining  fifths. 

a.  is  evaporated  in  the  waterbath,  and  the  residue  dried  at 
212^,  until  the  weight  ceases  to  vary.  The  dry  residue  is  weiglied, 
and  the  weight  found  is  noted  as  the  total  amount  of  the 
CONSTITUENTS  SOLUBLE  IN  WATER.  The  residuc  is  gently  ignited 
for  some  time  in  a  small  platinum  basin,  and  afterwards  re- weighed. 
The  loss  of  weight  which  the  residue  has  su£fered  in  the  ignition 
process  is  taken  into  account  as  organic  substances,  nitbic 
ACID,  and  ammonia,  should  the  qualitative  analysis  have  revealed 
the  presence  of  these  substances.* 

In  p.  we  have  to  estimate  the  sulphuric  acid  and  the  chlo- 
rine, according  to  the  directions  given  at  §  132. 

In  y.  we  estimate  the  carbonic  acid  which  may  happen  to  be 
present,  by  evaporating  the  fluid  to  a  small  residue,  and  treating 
this  subsequently  according  to  §  105  II.,  b.,  ft, 

S,  is  evaporated  with  hydrochloric  acid,  and  the  silicic  acid 
in  the  residue  determined  according  to  ^  106.  II.,  a. ;  the  acid 
solution  obtained  in  the  process  is  divided  into  two  equal  parts, 
in  one  of  which  we  determine  the  alkalies.  (Compare  §  177.  A. 
2,*.) 

The  other  portion  serves  for  the  estimation  either  of  the  phos- 
phoric acid,  (  §  101.  II.  «?.),  or  of  the  iron,  alumina,  manga- 
nese, LIME,  and  magnesia,  (compare  Part  I.,  Section  V.,)  since 
it  is  not  very  likely  that  these  bases  should  occur  in  the  aqueous 
extract  with  phosphoric  acid,  or  vice  versa,  the  acid  with  these 
bases. 


*  Should  the  qualitative  analysis  indicate  the  presence  of  a  considerable 
proportion  of  ammonia,  this  substance  may  be  determined  in  a  separate 
portion  of  the  solution,  by  boiling  the  latter  in  a  flask,  with  caustic  soda,  con- 
ducting the  evolved  ammonia  into  hydrochloric  acid,  and  estimating  the 
sal  ammoniac  produced  finally  as  double  chloride  of  platinum  and  ammo- 
nium. 
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C.   ESTIMATION    OF    THE     CONSTITUEKTS   WHICH   ARE    SOLUBLE    IN 
DILUTE  HYDROCHLORIC  ACID. 

"  Solution  II."  (§  182)  is  evaporated  to  dryness,  nitric  acid 
being  added  during  the  evaporation ;  the  residue  is  treated  with 
hydrochloric  acid,  and  the  residual  siLCic  acid  afterwards  deter- 
mined according  to  the  directions  of  §  106.  II.  a.  The  hydro- 
chloric solution  is  divided  into  three  parts,  which  we  will  call 
respectively  a.  ^,  and  y. 

In  a.  we  have  to  determine  the  sulphuric  acid,  according  to 
the  directions  given  at  §  100. 

In  /9.,  the  alkalies  according  to  the  directions  given  at  §  177. 
A.  2.  h, 

y.  is  treated  in  strict  conformity  with  the  directions  of  ^  182. 
b.  e.  aa. 

The  precipitate  of  basic  phosphate  of  magnesia  and  ammonia  is 
ignited,  and  the  amount  of  the  phosphoric  acid  subsequently 
estimated  from  the  residual  pyrophosphate  of  magnesia.  The 
precipitate  of  sulphuret  of  iron  is  dissolved  in  hydrochloric  acid 
and  the  solution  subsequently  boiled  with  nitric  acid ;  the  fluid 
is  then  added  to  the  first  filtrate,  (which  contains  the  lime  and 
the  magnesia,  together  with  the  excess  of  the  acetate  of  soda,) 
and  the  iron,  manganese,  alumina,  lime,  and  magnesia,  con- 
tained in  the  mixed  fluid,  are  finally  separated  from  one  another 
by  the  appropriate  methods.     (Part  I.,  section  V.) 

A  weighed  portion  of  the  earth  remaining  after  the  extraction 
of  the  soil  with  water  (vide  §  182.  J.)  is  treated  according  to 
the  directions  of  §  105.  II.  b.  p.,  to  determine  the  amount  of 
CARBONIC  ACID  Contained  in  the  insoluble  carbonates  present  in 
the  soil. 

d,     ESTIMATION  OF  THOSE    CONSTITUENTS   WHICH   ARE   INSOLUBLE 
BOTH  IN  WATER  AND  DILUTE  ACIDS. 

a.  The  part  of  the  soil  retnaining  after  the  extraction  with 
hydrocloric  a^id  is  completely  decomposed  by  concentrated  sul- 
phuric  acid. 
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"  Solution  III."  (§  182)  is  divided  into  two  portions;  in  the 
one  we  have  to  deteimine  the  alkalies  ;  in  the  other  the  phos- 
PHORic  ACID,  on  the  one  hand,  and  the  iron,  manganese,  ai.u- 
MiNA,  LIME,  and  MAONESLA,  on  the  other.    (Compare  §  183.  c,  fi* 
and  y.) 

The  solution  of  silicic  acid,  which  is  obtained  by  the  action  of 
caustic  potass  or  of  carbonate  of  soda,  is  treated  according  to  the 
directions  of  §  106.  II.  a.  to  determine  the  amount  of  silicic 
ACID  contained  in  it. 

P,  The  concentrated  sulphuric  acid  fails  to  decompose  the 
whole  of  the  residual  earth. 

One  half  of  "  Solution  III."  is  mixed  with  "  Solution  V./' 
and  the  phosphoric  acid,  iron,  manganese,  alumina,  lime, 
and  magnesia,  present  in  the  mixed  fluid,  are  determined  as 
directed  at  §  183.  c.  y. 

"  Solution  VI."  is  mixed  with  theother  half  of  "  Solution  III.,' 
and  the  potass  and  soda  present  in  the  mixed  fluid  are  then  de- 
termined.    (Compare  §  177.  A.  2.  b.) 

In  "  Solution  IY.^  we  have  to  determine  the  amount  of  silicic 
acid  which  has  been  separated  from  the  earth  by  the  action  of 
the  concentrated  sulphuric  acid.  This  amount  is  added  to  that 
of  the  silicic  acid  which  remains  after  fluxing  the  final  residae 
of  §  182.  c,  with  carbonate  of  soda  and  hydrate  of  barytes,  and 
acting  upon  the  fluxed  mass  with  hydrochloric  acid ;  both  these 
amounts  are,  of  course,  calculated  first  upon  one  hundred  parts 
of  the  analysed  earth.  By  adding  the  resulting  figures,  we  find 
the  total  amount  of  silicic  acid  which  we  have  to  consider  in  d. 

e.  estimation  of  the  humic  acid. 

From  ten  to  one  hundred  grammes  of  the  earth  (according  to 
the  greater  or  less  proportion  of  humic  acid,  indicated  by  the 
qualitative  investigation,)  are  digested  for  several  hours  at  firom 
176^  to  194^F.  with  a  solution  of  carbonate  of  soda ;  the  fluid  is 
then  filtered  off  from  the  undissolved  sediment,  and  the  filtrate 
subsequently  mixed  with  hydrochloric  acid  to  incipient  acid  re- 
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action.  This  process  effects  the  separation  of  the  hnmic  acid  in 
the  form  of  brown  flakes,  which  are  collected  upon  a  tared  filter, 
washed,  dried,  and  weighed ;  the  dry  mass  is  then  incinerated, 
and  the  weight  of  the  residual  ashes  (after  subtraction  of  the 
filter  ashes)  is  subtracted  from  the  weight  of  the  dry  flakes ;  the 
difference  is  put  down  in  the  calculation  of  the  results  as  the 
weight  of  the  huuic  acid. 

/.    ESTIMATION   OF  THE   HUMINB. 

A  quantity  of  the  earth,  equal  to  that  operated  upon  in  e.y  is 
introduced  into  a  porcelain  basin,  potass  ley  is  poured  over  it, 
and  the  mixture  boiled  for  several  hours,  the  evaporated 
water  being  replaced  from  time  to  time;  the  mixture  in  the 
basin  is  then  diluted  with  water,  passed  through  the  filter,  and 
the  undissolved  sediment  is  washed.  The  total  amount  of  humic 
acid  present  in  the  filtrate  is  then  determined  as  at  e.  The  dif- 
ference between  the  respective  weights  of  e,  and  /.  indicates  the 
quantity  of  humic  acid  formed  from  humine  upon  boiling  with 
potass.  This  differential  weight  is  usually  put  down  in  the  cal- 
culation as  HUMINE. 

g.  ESTIMATION  OF  THE  ORGANIC  MATTEBS  WHICH  HAVE  NOT  YET 
SUFFERED  CONVERSION  INTO  HUMIC  ACID,  HUMINE,  OR  SIMILAR 
PRODUCTS.* 

The  dried  (anhydrous)  earth  of  a,  (which  corresponds  to  ten 
grammes  of  fresh  earth  as  taken  directly  from  the  soil)  are  heated 
in  a  platinum  basin,  until  the  whole  of  the  organic  matter  pre- 
sent is  completely  consumed ;  the  residue  is  moistened  with  89lu- 
tion  of  carbonate  of  ammonia,  and  the  mass  subsequently  again 
evaporated;    the  residue    very    feebly    ignited,  and    afterwards 

*  If  the  quantity  of  the  humine  is  very  conriderable,  the  fluid  alone 
should  be  transferred  to  the  filter,  and  the  sediment  boiled  once  more  with 
potass  ley,  the  boiled  mixture  to  be  afterwards  likewise  transfeired  to  the 
filter. 
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weighed.  The  loss  of  weight  which  the  earth  has  suffered  In  the 
process  expresses  the  total  proportion  of  organic  substances  pre- 
sent in  the  soil.  From  this  we  subtract  the  united  weight  or  the 
hnmio  add  and  hnmine^  and  consider  the  remainder  as  undecoxn- 

posed  OBOANIC  MATTER. 

A.   ESTIMATION  OF  THE  NITROGEN  PRESENT  IN  THE  SOIL. 

This  is   effected  in  strict  accordance  with  the  directions  of 
§  149.  (Estimation  of  nitrogen.)     The  quantity  of  earth  which 
is  to  be  subjected  to  the  analytical  process^  depends  upon  the 
greater  or  less  proportion  of  nitrogen  present.     The  amount  of 
chloride   of  platinum  and   ammonium  produced  should    be  O.L 
grammes^  at  the  least,  otherwise  the  results  deserve  but  little 
reliance.    (The  weight  of  the  nitrogen  present  in  the  analysed 
soil  being  included  already  in  the  results  ot^.,  the  separate  state- 
ment of  it  is  to  be  omitted,  of  course,  from  the  list  of  the  re- 
sults.) 

».   ESTIMATION   OF  WAXIT  AND   RESINOUS   SUBSTANCES. 

These  substances  occur  in  appreciable  quantities,  in  some  kinds 
of  soil  only.  This  estimation  may  be  effected  in  the  following 
manner:  100  grammes  of  the  earth  are  dried  in  the  water-bath, 
and  subsequently  boiled  repeatedly  with  strong  alcohol;  the 
filtrates  are  transferred  into  a  flask,  and  one  half  of  the  spirits 
of  wine  distilled  off.  The  residual  fluid  in  the  flask  is  then 
allowed  to  cool,  when  the  wax  which  may  happen  to  be  pre- 
sent will  separate ;  this  is  collected  upon  a  tared  filter,  washed 
with  cold  spirits  of  wine,  and  weighed.  The  filtrate  is  evaporated 
until  the  whole  of  the  alcohol  is  expelled,  water  being  added 
towards  the  termination  of  the  process ;  the  separated  resin  is 
washed,  dried,  and  weighed.  (Should  the  quantities  of  the  wax 
and  resin  be  rather  considerable,  the  united  weight  of  these  sub- 
stances must  be  subtracted  from  the  weight  of  the  humio  acid, 
since  this  acid  is  obtained  and  weighed  in  conjunction  with  the 
waxy  and  resinous  ingredients.) 
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3.   METHOD  OF  STATING  AND  ARRANGING  THE  RESULTS. 

§  184. 

The  following  three  points,  with  respect  to  the  plan  adopted  for 
stating  the  results  of  the  analyses  of  soils,  seem  to  me  deserving 
of  particular  attention. 

a.  The  respective  results  of  different  analyses  must  readily 
admit  of  mutual  comparison. 

h.  They  should  admit,  moreover,  of  ready  comparison  with  the 
results  of  analyses  of  vegetahle  ashes. 

c.  They  should  give  a  most  perfect  and  accurate  notion  of  the 
nature  of  the  analysed  soil. 

That  any  single  method  of  arranging  the  results  should  satisfy 
these  requirements  cannot  reasonably  be  expected;  three  dif- 
ferently arranged  statements  are  required  to  meet  the  exigencies 
of  the  case.  The  additional  labor  which  this  may  be  thought  to 
impose  upon  the  analyst  is  but  trifling  in  comparison  with  that 
bestowed  upon  the  analysis  itself,  and  surely  ought  not  to  be 
permitted  to  weigh  against  the  great  advantages  to  chemical 
science,  which  may  be  expected  to  accrue  from  a  full  and  uni- 
versally intelligible  statement  of  the  results  of  all  important 
investigations. 

I  therefore  propose  the  following  three  methods  of  arranging 
the  results. 

I.  Anhydrous  earth  (diifct  results  of  the  analysis). 

A,  Inorganic  constituents. 

a.  Soluble  in  water. 
Potass. 
Soda, 
lime* 

Sulphuric  acid. 
&c. 


526  ANALYSIS  OF  SOILS.  [§  184. 

b.  Soluble  in  dilate  hydrochloric  acid  : 

Peroxide  of  iron. 

Peroxide  of  manganese. 

Alumina. 

lime* 

Carbonic  acid. 

Phosphoric  acid. 
&c. 
r.  Insoluble  in  water  and  in  dilute  hydrochloric  acid  : 

Silicic  acid. 


lime. 
Alumina. 
&c. 


I 

I 

I 

B.  Organic  constituents* 


Humic  acid. 
Humine. 

Undecomposed  organic  matter. 
&c. 

II.  Anhydrous  babth  (calculated  results  )* 

A.  Inorganic  constituents. 

a.  Soluble  in  water : 
Sulphate  of  lime. 
Chloride  of  potassium. 
Chloride  of  sodium. 
Nitrate  of  magnesia. 
&c 

*  The  acids  and  bases  are  to  be  associated  here  according  to  their  relative 
forces  of  affinity.  Phosphoric  acid,  silicic  acid,  and  humic  acid,  however, 
and  the  bases  with  which  they  are  assumed  to  be  in  combination,  are  to  be 
enumerated  separately,  since  we  are  without  sufficiently  fixed  and  definite 
data  as  to  the  combining  proportions  of  these  acids. 
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b.  Soluble  in  dilute  hydrochloric  acid  : 

Carbonate  of  lime. 

lime  (combined  with  silicic  acid). 

Peroxide  of  iron  (combined  with  silicic  acid  and  phos- 
phoric acid). 

Phosphoric  acid. 

Silicic  acid. 
&c. 

c.  Insoluble  in  water  and  dilate  hydrochloric  acid : 

...        \  (combined  with  silicic  acid). 
Alumina    J 

Silicic  acid. 

&c. 


B.  Organic  constituents. 


Humic  acid. 
&c 


III.   AlR-DBY   EARTH. 


Anhydrous  earth  (for  instance)  .  .     90 

Water  .  .  •  .  .10 

100 
Should  the  analyst  wish  to  make  the  last  statement  more  precise^ 
he  may  determine,  by  a  single  experiment,  the  quantity  of  the 
minute  insoluble  particles  of  the  soil  which  may  be  washed  off,  and 
state  likewise  the  results  of  the  microscopic  examination  of  the 
sandy  residue.  The  statement  would  now  run,  for  instance : 
Particles  that  may  be  removed  by  washing  .         10 

Quarz-sand,  detritus  of  felspar,  mica,  &c.  .         .         80 
Water .         10 

JOO 
If  the  analyst  thinks  he  can  dispense  with  the  advantages  result- 
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ing  from  a  more  precise  knowledge  of  the  respective  forms  and 
states  in  which  the  various  constituents  exist  in  the  soil,  he  may 
save  himself  much  time  and  labor,  by  dividing  the  whole  of  the 
ingredients  of  the  soil  into  two  classes  only,  viz.,  into,  1,  constitu- 
ents which  are  soluble  in  water  or  dilute  acids ;  and  2,  constituents 
which  are  insoluble  in  water  and  dilute  acids ;  since  if  he  adopts 
this  classification  he  may  treat  the  soil  at  once  with  dilute  hydro- 
chloric acid,  and  subsequently  determine  the  constituents  of  the 
hydrochloric  solution,  by  the  appropriate  methods. 


ANALYSIS  OF  ATMOSPHERIC  AIB. 

§  185. 

I  will  describe  here  two  methods  of  analysing  atmospheric 
air,  i.  e.  determining  the  respective  proportion  of  nitrogen  and  of 
oxygen  which  it  contains.  The  first  of  these  methods  (Brun- 
ner's)  yields  the  most  accurate  results ;  the  results  of  the  second 
method,  although  very  satisfactory,  are  not  by  any  means  equally 
accurate ;  but,  on  the  other  hand,  the  second  method  is  recom- 
mended by  the  very  great  simplicity  of  the  process,  and  is,  tiiere- 
fore,  particularly  adapted  for  practical  purposes.  The  principle 
upon  which  it  is  based,  was  first  applied  by  Gay  Lussac — the 
practical  process  which  I  recommend  here,  is  my  own. 

FIRST   METHOD. 

§  186. 
The  principle  upon  which  Brunner's  method  is  based,  is  this : 
heated  phosphorus  and  phosphorous  acid  deprive  the  air  with  which 
they  come  into  contact,  of  the  whole  of  its  oxygen.  The  prac- 
tical process  requires  the  following  apparatus  and  preliminary 
operations : 

1.  A  GLASS  TUBE  OF  THE  FORM  ILLUSTRATED  IN  THE  AN- 
NEXED   ENGRAVING. 

6 
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PLATE    LXXII. 


From  c  to  d  should  be  four  inches  long  and  about  three  lines  in 
diameter;  the  length  of  the  narrowed  part  d\x}g  should  be  about 
six  inches.  Before  the  tube  is  drawn  out  at  c  into  the  point  a, 
the  space  from  y  to  y  is  to  be  be  filled  with  very  loose  cotton 
and  any  adhering  moisture  is  withdrawn  by  heating  the  tube 
moderately  and  applying  suction  to  the  point  b,  (either  by  the 
mouthy  an  aspirator^  or  a  small  exhausting  syringe.)  One 
gramme  of  carefully  dried  phosphorus  is  now  introduced  into  the 
tube  and  placed  at  e ;  the  space  intervening  between  the  phospho- 
rus and  c  is  then  filled  up  with  loose  asbestos  (this  is  intended  to 
divide  and  difiuse  the  passing  air  so  thoroughly  as  to  bring  every 
particle  of  it  into  contact  with  the  phosphorus.)  The  tube  is  now 
drawn  out  at  £?  to  the  point  Uy  the  phosphorus  is  melted  by  the 
application  of  a  gentle  heat,  and  difiused  as  much  as  possible  on 
the  internal  surface  of  the  tube,  by  turning  and  inclining  the  latter. 
The  end  a  is  then  connected  with  a  chloride  of  calcium  tube  (vide 
^  141.  5.)  by  means  of  a  good  caoutchouc  tube  (§  141.  6);  the 
end  b  is  connected,  in  the  same  manner  with  an  aspirator,  or 
three  necked  bottle  filled  with  oil  and  provided  with  a  stop-cock. 
The  annexed  sketch  shows  the  whole  arrangement  of  this  ap- 
paratus. 

PLATE  LXXIII. 


M  M 
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The  heat  of  a  spirit-lamp  is  then  applied  to  the  tube,  to  melt 
the  phosphorus ;  when  this  is  efifected  the  spirit-lamp  is  withdrawn^ 
and  immediately  after  about  four  ounces  of  oil  are  made  to  trickle 
slowly  from  the  stop-cock.  The  moment  that  the  air  rushes  into 
the  tube,  the  phosphorus  begins  to  bum  feebly,  and  is  partly  con- 
Terted  into  phosphorous  acid,  which  is  deposited  throughout  the 
whole  mass  of  the  cotton ;  this  phosphorous  acid  serves  in  the 
subsequent  operation  to  deprive  the  atmospheric  air  passing 
through  the  tube,  of  the  last  trace  of  oxygen.  Besides  this, 
another  object  is  attained  by  this  preliminary  operation,  viz.,  the 
tube  is  filled  with  nitrogen  gas,  and  thus  the  same  state  is 
induced  in  which  the  tube  is  afterwards  found  at  the  termination 
of  the  analytical  process.  The  stop-cock  of  the  aspirator  is  now 
closed,  the  chloride  of  calcium  tube  is  withdrawn,  the  phosphorus 
tube  disconnected  from  the  aspirator,  and  the  two  ends  of  the 
phosphorus  tube  are  sealed. 

2.  ACflLOBIDE   OP  CALCniM  TUBE. 

3.  A  TUBE  PILLED  WITH  SMALL  PRAGMENTS  OP  HYDRATE  OF 
POTASS. 

4.  A  THREE-NECKED  BOTTLE,  or  suuilaily  shaped  metallic  vessel, 
(aspirator,)  filled  with  oil  and  provided  with  a  stop-cock  at  the 
bottom,  (vide  Plate  TiXXTTT.  A.)  The  three  apertures  of  the 
aspirator  are  closed  air-tight,  the  one  with  a  plain,  the  other  two 
with  perforated  corks.  A  thermometer  is  closely  fitted  into  the 
hole  of  the  central  cork. 

6.   A    LARGE    SIZED     GRADUATED       CYLINDER.        For    this    the 

analyst  may  substitute  a  simple  bottle  of  from  400  to  600  centi- 
meters capacity,  and  provided  with  a  cut  or  scratched  mark  in  the 
neck ;  the  analyst  must,  of  course,  accurately  measure  the  capacity 
of  the  bottle  up  to  this  mark. 

6.   A  BAROMETER. 

The  analytical  process  is  now  very  simple.  The  phosphorus 
tube  is  weighed,  and  the  two  sealed  ends  are  subsequently  cut  off, 
(these  must  be  carefully  preserved).  That  part  from  which  the 
point  b  has  been  removed  is  then  connected  with  the  aspirator, 
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whilst  the  other  end  is  connected  with  the  potass  tube^  the  latter  is 
connected  with  a  chloride  of  calcium  tube,  caoutchouc  tubes  being 
used  as  the  connecting  medium  in  all  three  instances.  The  gradu- 
ated cylinder  or  a  bottle  of  known  capacity  is  placed  under  the  cock 
of  the  aspirator.  The  phosphorus  is  now  gently  heated^  that  part  of 
the  tube  which  is  filled  with  cotton,  is  surrounded  with  moist  blot- 
ting paper^  and  the  oil  is  made  to  trickle  slowly  from  the  stop- 
cock. The  phosphorus  re-ignites  immediately  and  condnues  to 
bum  uniformly,  if  the  gradual  flowing  off  of  the  oil  is  properly 
managed.  The  first  quarter  of  the  oil  should  be  made  to  drip  off 
very  slowly,  to  guard  against  the  carrying  off  of  phosphorous  acid 
fumes  by  the  gaseous  stream.  When  about  from  400  to  600  cubic 
centimeters  of  the  oil  have  been  thus  withrawn  from  the  aspirator, 
the  experiment  may  be  considered  at  an  end.  The  stop-cock  is 
closed,  the  state  of  the  barometer,  as  well  as  that  of  the  thermo- 
meter, introduced  into  the  aspirator,  are  observed,  the  quantity  of 
oil  which  has  flown  into  the  graduated  cylinder  is  accurately  mea* 
sured,'"'  and  the  phosphorus  tube,  when  cold  and  after  being  most 
carefully  wiped  dry,  is  finally  weighed.  The  measured  volume  of 
the  oil  expresses  directly  the  volume  of  the  nitrogen  contained  in 
the  analysed  bulk  of  air;  the  increment  of  weight  which  the 
phosphorus  tube  exhibits  after  the  termination  of  the  process, 
expresses  the  weight  of  the  oxygen  contained  in  the  analysed  air. 

If  the  analyst  wishes  to  express  the  results  in  percentage  num- 
bers by  weight,  he  must  calculate  the  weight  of  the  volume  of 
nitrogen  gas  at  the  temperature  and  atmospheric  pressure 
indicated  by  the  thermometer  and  barometer ;  if,  on  the  other 
hand,  he  wishes  to  express  the  results  in  percentage  numbers  by 
volume,  he  must  calculate  the  volume  to  which  the  weight  of  the 

*  The  measuring  may  of  course  be  altogether  dispensed  with,  in  cases 
where  a  marked  bottle  of  known  capacity,  (vide  5.)  has  been  used  instead  of 
a  graduated  cylinder,  since  the  process  is  terminated,  in  such  cases,  the 
moment  that  the  oil  reaches  the  mark. 

M  M  2 
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oxygen  corresponds  at  the  temperature  and  atmospheric  pressure 
ohserved.  For  the  manner  of  performing  the  arithmetical  opera- 
tions, I  refer  to  §  159. 

The  amount  of  aqueous  vapor,  and  carhonic  acid,  present  in  the 
atmosphere,  may  he  determined  in  an  Imalogous  manner.  A 
volume  of  air  which  is  measured  hy  the  volume  of  oil  or  water  that 
flows  from  the  aspirator,  is  transmitted,  first  through  a  weighed 
tuhe  filled  with  ashestos  moistened  with  sulphuric  acid,  and  subse- 
quently through  another  weighed  tube  half  filled  with  hydrated 
lime,  and  half  with  asbestos  moistened  with  sulphuric  acid.  The 
most  appropriate  shape  for  the  second  tube  is  that  illustrated  by 
the  annexed  engraving : 

PLATE  LXXIV. 


ZD 


The  part  a  c,  which  is  turned  towards  the  aspirator,  should 
be  one  foot  long ;  the  asbestos  is  placed  in  this  part ;  the  rest  of 
the  tube  (with  the  exception  of  the  bend  /)  is  filled  with  hydra- 
ted lime,  prepared  from  recently  calcined  lime,  and  moistened  with 
water  so  as  to  cause  it  to  form  into  small  lumps,  which  are  kept 
separate  by  means  of  some  loose  cotton ;  the  bend  /  is  filled 
with  cotton  to  separate  the  hydrated  lime  fi:om  the  asbestos. 
The  purpose  of  the  latter  is  to  retain  the  water  which  is  carried  oflT 
from  the  hydrate  of  lime  by  the  current  of  air. 

It  will  be  readily  understood  that  the  small  proportion  of 
carbonic  acid  present  in  the  air,  renders  it  necessary  to  employ 
a  large  bulk  of  air  (25000  cubic  centimeters  at  the  least)  in  the 
analytical  process.  Should  the  aspirator  be  too  small  for  this 
purpose,  this  may  be  remedied  by  filling  it  several  times. 
The  analysis  of  a  smaller  volame  of  air  than  25000  cubic  centi- 
meters cannot  be-expected  to  yield  accurate  results. 
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After  the  termination  of  the  experiment,  the  analyst  may  either 
calculate  the  weight  of  the  analyzed  air,  with  due  regard  to  the 
actual  st-ate  of  the  thermometer  and  harometer,  (the  tension  of 
the  aqueous  vapor  may  be  disregarded  without  any  material  in- 
accuracy,) and  may  thus  find  the  amount  of  carbonic  acid  and 
water  in  percents  by  weight ;  or  he  may  calculate  the  weight  of 
the  carbonic  acid  and  water  upon  volumes  at  the  temperature  and 
atmospheric  pressure  observed,  and  may  thus  find  the  result  in 
percents  by  volume. 

Second  Method. 
§  187. 

This  method  is  based  upon  the  circumstance  that  copper 
moistened  with  hydrochloric,  or  dilute  sulphuric  acid  rapidly  with- 
draws from  atmospheric  air  the  whole  of  its  oxygen.  The  per- 
formance of  the  process  requires  the  following : — 

1.  A  GRADUATED  TUBE,  about  ouc  foot  long,  and  half  an  inch 
in  diameter. 

2.  A  SMALL  SLIP  OF  SHEET  COPPER,  somcwhat  longer  than  the 
graduated  tube,  and  of  the  shape  illustrated  by  the  annexed 
sketch. 

PLATE  Lxxv.  Copper  turnings  are  tied  round  this  slip  in  its 

whole  length,  by  means  of  a  piece  of  hempen 
string,  in  such  a  manner,  however,  as  not  to 
impede  the  ready  introduction  of  the  slip  into 
the  graduated  tube. 

3.  A  common  glass  cylinder,  a  few  inches 
taller  than  the  graduated  tube,  and  filled  with 
a  mixture  of  equal  parts  of  hydrochloric  acid 
and  water.  This  cylinder  should  not  be  too 
narrow,  and  shonld  be  widened  at  the  top. 

n  h    c 

4.  A  Thermometer. 

The  performance  of  the  process  is  exceedingly  simple. 
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The  copper  slip  (2)  is  introduced  into  the  cylinder,  at  the 
bottom  of  which  it  is  kept  fixed  by  means  of  the  three  divergent 
slips  a,  by  and  c ;  the  fluid  in  the  cylinder  should  stand  about 
one  inch  above  the  top  of  the  slip.  Some  time  is  now  allowed 
for  the  perfect  escape  of  the  air  in  the  string,  and  the  temperature 
of  the  fluid  in  the  cylinder  is  observed.  The  graduated  tube  b 
then  filled  with  water,  and  &om  two-thirds  to  three-fourths  of 
this  fluid  are  poured  out  again.  The  tube  is  now  inverted  and 
completely  immersed  in  the  fluid  in  the  cylinder,  (to  give  the  con- 
fined air  the  temperature  of  the  dilute  hydrochloric  acid).  The 
tube  is  then  raised  again  until  the  fluid  within  is  on  a  perfect 
level  with  the  surrounding  fluid  ;  the  volume  of  the  gas  is  then 
read  off.  The  tube  is  now  cautiously  pushed  over  the  copper- 
slip,*  and  pressed  down.  The  annexed  engraving  shows  the 
arrangement  of  the  apparatus. 

PLATE  Lxxvi.  ^®  whole  apparatus  is  now  kept  standing 
at  rest  for  the  space  of  one  and  a  half  to  two 
hours,  and  the  residue  is  subsequently  mea- 
sured ;  the  tube  is  then  once  more  pushed  over 
the  copper-slip,  and,  after  the  lapse  of  half  an 
hour,  the  residual  gas  is  measured  again.  If  no 
further  decrease  has  taken  place  in  the  interval, 
the  operation  may  be  considered  at  an  end.  The 
temperature  is  now  once  more  observed,  and  if  it 
is  found  to  be  the  same  as  at  the  commencement 
of  the  process,  the  percentage  volumes  of  the  oxygen  and  nitrogen 
are  found  by  the  following  simple  calculation  : 

The  first  measurement  shows  the  volume  of  the  analysed  air, 
the  second  that  of  the  nitrogen,  and  the  difference  that  of  the 
oxygen.     Suppose  the  bulk  of  the  analysed  air  amounts  to  three 


*  The  analyst  must  take  care  to  guard  against  any  escape  of  air  firom  the 
tube  during  the  operation ;  it  is  on  this  account  that  the  tube  should  be 
filled  only  with  two-thirds  or  three-fourths  of  air,  otherwise  it  might  be 
impractiacble  to  prevent  its  escape. 
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hundred  cubic  centimeters,  and  the  second  shows  the  volume  of 
the  residual  gas  to  be  237  cubic  centimeters,  the  volume  of  the 
oxygen  will  be  :  300 — 237=63,  and  accordingly  100  volumes  of 
air  consist  of 

79.0  of  nitrogen 
21.0  of  oxygen. 

Should  the  temperature  of  the  confining  water  have  changed 
during  the  process,  this  calculation  is  to  be  preceded,  of  course, 
by  the  correction  of  the  volume  of  the  nitrogen,  in  conformity 
with  the  original  temperature. 

The  results  are  as  accurate  as  can  possibly  be  expected  from 
a  method  requiring  measurement  over  water.  The  action  of  a 
copper-slip  prepared  as  described  above  is  far  more  rapid  than 
that  of  a  simple  slip  of  copper,  since  the  surface  ofiered  to  the  air 
is  greater,  and  besides  the  string  keeps  the  copper  turnings  con- 
stantly moistened  with  hydrochloric  acid. 
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When  the  stadent  has  become  tolerably  proficient  in  qnalitative 
analysis,  be  proceeds  naturally  to  the  study  of  qnantitatiTe.  Now 
every  one  who  has  endeavoured  to  pursue  this  study  in  the 
laboratory,  systematically,  wiU  have  found  that  it  is  very  difficult 
to  occupy  every  moment  of  time  judiciously,  since  he  is  frequently 
obliged  to  stop  in  his  operations ;  thus,  for  instance,  he  has  to 
wait  some  time  for  the  subsidence  of  a  precipitate,  or  a  precipitate 
requires  protracted  washing  or  slow  drying.  I  have,  therefore, 
always  deemed  it  judicious  to  advise  my  pnpils  to  fill  up  their 
intervals  with  the  preparation  of  substances  which  may  afterwards 
be  analyzed.     This  system  offers  the  following  advantages : — 

1.  The  whole  of  the  time  of  the  student  is  fully  and  judiciously 
occupied,  without  confusing  his  ideas,  as  might  be  the  case  were 
he  to  undertake  several  analyses  at  the  same  time. 

2.  It  ensures  the  purity  of  the  substances  which  are  to  be  ana- 
lysed for  practice. 

8.  The  mode  of  combining  the  preparation  of  chemically  pure 
substances,  with  their  analysis,  is  unquestionably  the  best  intro- 
duction to  subsequent  original  investigations. 

I  have  given  here  50  examples  for  practice,  of  which  40  com- 
prise inorganic,  and  the  remaining  10,  organic  substances.  The 
principal  point  I  had  in  view  in  the  selection  of  these  substances, 
was  this,  that  the  analysis  of  most  of  them,  and  more  particularly 
those  of  the  inorganic  class,  permits  the  most  precise  control  of 
.  the  results.  This  point  is  of  the  utmost  importance  to  the 
student  of  quantitative  analysis,  since  a  certain  degree  of  self- 
reliance  is  amongst  the  most  indispensable  requisites  for  a  success- 


540  EXAMPLES    FOR   PRACTICE. 

ful  pursuit  of  quantitatiye  investigation;  and  this  self-reliance 
the  student  can  acquire  only  if  be  possesses  the  means  of  test- 
ing and  controlling  the  accuracy  of  his  results. 

A  perfectly  strict  and  precise  control  is  practicable  only  in 
cases  when  the  analyst  has  to  examine  pure  salts  of  known  com- 
position, or  substances  which  he  himself  has  previously  prepared, 
and  of  which  he  knows  the  constituents,  and  the  relative 
proportions  in  which  they  are  combined.  When  the  student  has 
acquired  by  these  means  the  necessary  degree  of  confidence  in  his 
own  abilities,  he  may  gradually  proceed  to  analyses  of  a  somewhat 
more  difficult  and  intricate  nature. 

The  second  point  which  I  had  in  view  in  the  selection  of 
these  examples  for  practice,  was  to  make  the  latter  comprise  not 
only  the  whole  of  the  more  important  analytical  methods,  but 
also  the  most  important  compounds,  so  as  to  afford  the  student 
sufficient  opportunity  to  acquire  a  thorough  knowledge  of  every 
branch  of  quantitative  analysis.  I  have  therefore  not  always  indi* 
Gated  the  most  simple  methods. 

Organic  analysis  offers  far  less  variety  than  the  analysis  of 
inorganic  substances — the  examples  relating  to  the  former  branch, 
are  therefore  less  numerous  here  than  those  relating  to  the  latter. 
I  would  advise  the  student  to  analyse  the  same  organic  substance 
repeatedly  until  the  results  prove  quite  satisfactory. 

In  conclusion,  I  have  to  remark,  that  I  do  not  mean  to  say 
that  it  is  absolutely  necessary  to  go  through  the  whole  of  these 
examples ;  the  time  which  a  student  may  require  to  attain  pro- 
ficiency in  analysis,  depends  entirely  upon  his  own  abilities.  One 
may  be  a  good  analyst  without  having  applied  every  method 
or  analyzed  every  compound.  I  would,  however,  warn  students 
to  guard  against  prematurely  attempting  new  discoveries.  The 
safest  way  is  to  wait  until  he  has  acquired  a  certain  degree  of 
proficiency  in  general  chemistry,  and  more  particularly  in  practi- 
cal analysis. 
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Examples. 

1.  Common  Salt. 

The  pure  salt  is  gently  ignited. 

a.  Estimation  of  the  chlorine  &om  0.  5  to  1  gramme  if  the 
salt  is  dissolved  in  water,  and  the  solution  is  acidified  with  nitric 
acid  and  precipitated  with  nitrate  of  silver.     (§  107. 1,  a.) 

h.  Estimation  of  the  soda.  About  one  gramme  of  the  salt  is 
dissolved  in  water,  and  subsequently  converted  into  sulphate  of 
soda  by  evaporation  with  sulphuric  add.     (§  72.  1.) 

(For  the  calculated  percentage  composition,  I  refer  to  the  "  cor- 
rections** at  the  end  of  the  work.) 

2*.  Crystallized  carbonate  of  soda. 

The  pure  noneffloresced  salt  is  finely  powdered,  and  subsequently 
repeatedly  pressed  between  sheets  of  blotting  paper,  fresh  sheets 
beiug  used  every  time,  (§  14.  a.) 

a.  Estimation  of  the  water ^  (1 — 2  grammes).  The  salt  is 
cautiously  ignited,  (§  17.  a.) 

ft.  Estimation  of  the  carbonic  acid,  (residue  of  a,  or  1 — % 
grammes). 

The  salt  is  decomposed  by  means  of  sulpburic  acid,  and  the 
carbonic  acid  determined  by  the  loss  of  weight  which  the  decom- 
posed salt  suffers  in  the  process,  (§  J  05.  II.  b.  fi,  aa.) 

(For  the  calculated  percentage  composition  I  refer  to  the  "  cor- 
rections" at  the  end  of  the  work. 

8.  Carbonate  of  lime. 

The  carbonate  of  lime  is  gently  ignited. 

a.  Estimation  of  t/te  lime.  About  J  gramme  of  the  carbonate 
is  dissolved  in  hydrochloric  acid,  and  the  solution  is  super- 
saturated with  ammonia,  and  subsequently  precipitated  with 
oxalate  of  ammonia,  (§  76.  2.  ft.) 
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b.  Estimation  of  the  carbonic  acid.     About  one  gramme   of 
the  carbonate  is  ignited  with  borax  glass.  (§  105.  II.  b.  a.) 
CaO  350.00         •  56.00 

0  0,  .  275.00  .         44.00 


625.00  100.00 

4.  Chloride  of  barium. 

The  pure  salt  is  gently  ignited. 

a.  Estimation  of  the  barytes.  About  one  gramme  of  the 
chloride  is  dissolyed  in  water,  and  the  solution  is  subsequently 
precipitated  with  sulphuric  acid.  (§  74.  1.  a.) 

Ba 854.85  65.86 

CI 443.20  .         34.14 


1298.05         .  100.00 

5.  Crystallized  sulphate  of  magnesia. 

The  salt  is  levigated  and  dried  according  to  the  directions 
of  §  14.  b. 

a.  Estimation  of  the  crystallization  water.  This  is  effected 
by  drying  1.5  to  2  grammes  of  the  salt,  at  from  266°  to  284°  F. 

b.  Estimation  of  the  basic  water.  The  residue  of  a.  is  gently 
ignited. 

c.  Estimation  of  the  sulphuric  etcid.  From  one  to  two 
grammes  of  the  salt  are  dissolved  in  water,  some  hydrochloric 
acid  is  added  to  the  solution,  and  subsequently  chloride  of  ba- 
rium. (§  100. 1.) 

d.  Estimation  of  the  magnesia.  From  one  to  two  grammes  of 
the  salt  are  dissolved  in  water,  sal  ammoniac  is  added  to  the  solu- 
tion, and  subsequently  ammonia,  and  the  mixture  is  finally  preci- 
pitated with  phosphate  of  soda.  (§  77.  2.) 

Mg.  0      .         .  257.75         .  16.68 

SO,         .         .                  .         500.00  32.36 

HO                            .  112.50  .  7.28 

6aq 675.00  43.68 

1545.25  100.00 

6.  Bitartratb  of  potass. 

The  salt  is  powdered  and  dried  at  212.  (§  14.  d.) 
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Estimation  of  the  potass.  From  1.5  to  2  grammeB  of  the  salt 
are  ignited,  and  the  residue  is  extracted  with  solution  of  sal  am- 
moniac ;  the  solution  is  evaporated  to  dryness,  and  the  residue 
subsequently  ignited.  (^71.) 

KO  .         ,        .         .         588.94  25.05 

2  0^  H,  Os       .  1650.00  70.17 

HO  .  .         112.50  .  4.78 


2351.44         .  10000 

7.  Bichromate  of  potass. 

The  levigated  salt  is  dried  in  the  water-bath. 

Estimation  of  the  chromic  acid.  From  one  to  two  grammes  of 
the  salt  are  dissolved  in  water ;  the  chromic  acid  is  then  reduced 
by  means  of  hydrochloric  acid  and  alcohol,  and  the  solution  is 
finally  precipitated  with  ammonia.     (§  09. 1,  a.) 

KO  ....         588.94  .         81.12 

2  Cr.  Os   .  .  1303.64         .         .         68.88 


1892.58  100.00 

8.  Crystallized  sulphate  of  copper. 
The  finely-powdered  salt  is  pressed  repeatedly  between  blotting- 
paper.  (§  14.  a.) 

a.  Estimation  of  the  crystallization  water.  From  1  to  1.5 
gramme  of  the  salt  is  dried  in  the  water-bath.  (%  14.  d,) 

b.  Estimation  of  the  basic  water.  The  residue  of  a  is  heated 
in  a  crucible  over  a  spirit-lamp  until  the  whole  of  the  water 
present  is  expeUed ;  a  very  high  temperature,  however,  is  to  be 
carefiilly  avoided. 

c.  Determination  of  the  oxide  of  copper.  About  1 .5  gramme  of 
the  salt  is  dissolved  in  water ;  the  solution  is  boiled,  and  preci- 
pitated boiling  with  potass.  (§  90.  1.  a.) 

Cu.  O        .  496.00  .         31.83 

S  Oa                             .         .         500.00         .  .         32.08 

HO          ....         112.50  7.22 

4  aq 450.00         .  28.87 

1558.50  100  00 
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9.  Acetate  of  lead. 

Large  noneffloresced  crystals  should  be  used ;  they  are  to  be 
finely  powdered,  and  the  powder  subsequently  repeatedly 
pressed  between  blotting-paper,  fresh  paper  being  used  every 
time.  (§  14.  a.) 

Estimation  of  the  lead. 

a.  One  gramme  of  the  salt  is  dissolved  in  water,  and  the  solu- 
tion subsequently  precipitated  with  carbonate  of  ammonia. 
(§  87.  1.) 

b,  A  portion  of  1  to  1.5  gramme  of  the  salt  is  ignited  in  a 
porcelain  dish,  and  the  residue  is  subsequently  treated  with  acetic 
acid,  etc.  (§  87.  4.) 

Pb.  0      .         .  1894.50         .  58.85 

A" 637.50         .         .         26.91 

3  aq 337.50         .         :         14.24 

2369.50  100.00 

10.  Oxide  OF  ANTIMONY. 

From  0.5  to  0.8  gramme  of  pure  oxide  of  antimony  is  dis- 
solved in  hydrochloric  acid,  and  some  tartaric  acid  added  to  the 
solution,  which  is  then  diluted  with  water,  and  subsequently  pre- 
cipitated with  sulphuretted  hydrogen.  (§  95.  1.) 

11.  PeRCHLORIDE  OF  MERCURY. 

Pure  perchloride  of  mercury,  perfectly  soluble  in  water,  should 
be  selected,  and  about  one  gramme  used  to  separate  the  mercury 
in  the  dry  way  according  to  the  method  described  at  §  89.  1.  a. 

Hg 1250.90         .         .         73.84 

CI 443.20  .         26.16 


1694.10  100.00 

12.  Analysis  op  phosphate  of  soda. 

Pure  and  recently  crystallized  phosphate  of  soda  is  powdered, 
and  the  powder  pressed  repeatedly  between  blotting-paper,  fresh 
paper  being  used  every  time. 

a.  Estimation  of  the  crystallization  water.  This  is  effected  by 
drying  the  salt  first  at  212^  F.,  and  finally  in  the  air  or  oil  bath 
at  about  672° F.   (§  14.  a?.) 
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b.  Estimation  of  the  basic  water.  This  is  eflfected  by  igniting 
the  residue  of  a. 

c.  Estimation  of  the  phosphoric  acid.  A  portion  of  about 
L5  gramme  of  the  salt  is  dissolved  in  water,  and  sal  ammoniac 
added  to  the  solution  ;  the  fluid  is  subsequently  precipitated  by 
sulphate  of  magnesia  with  ammonia.  (§  101.  I.  b.) 

d.  Estimation  of  the  soda. 

The  filtrate  of  c.  is  treated  according  to  the  instructions  given 
at  §  101.  II.,  a.,  p. 

2NaO              .         .                  .     781.80  .  17.29 

POs 891.65  .         .  19.91 

HO 112.50  .  2.51 

24  aq 2700.00  .  60.29 


4485.65  100.00 

13.  Alkalimetrical  examinations  according  to  Gay-Lussac, 
{%  136.) 

14.  Alkalimetrical  examinations  according  to  Fresenius 
and  Will,  {§  136.) 

In  both  experiments  (13  and  14)  the  student  has  to  analyse* 
in  the  first  place,  recently  ignited  pure  carbonate  of  soda,  since 
this  will  aiford  him  the  means  of  controlling  the  results  of  the 
subsequent  analysis  of  commercial  specimens  of  soda. 

15.  Acidimetrical  methods,  (§  112. 1,  b,) 

Two  experiments  are  to  be  made  with  unequal  portions  of  one 
and  the  same  acid,  since  this  will  enable  the  student  to  control 
the  results. 

16.  Examination  of  peroxide  of  manganese,  (§  125.) 
Every  sort  is  to  be  analysed  twice. 

17.  Examination  of  chloride  of  lime. 

One  and  the  same  sort  is  analysed  by  every  one  of  the  three 
methods  described  at  §  137. 

N    N 
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IS.  Determination  of  ths  degree  of  rolubilittop  common 

SALT. 

a.  At  the  boiling  point  (229.5°  F.)  Perfectly  pure,  powdered 
chloride  of  sodium  is  dissolved  in  distilled  water,  in  a  glass  flask  ; 
the  solution  is  heated  to  hoiling,  and  kept  in  a  state  of  ebullition 
until  part  of  the  salt  has  separated  again.  The  boiling  fluid  is 
then  speedily  filtered  into  an  accurately  tared  capacious  flask, 
through  a  ftinnel,  which  is  to  he  kept  surrounded  with  boil- 
ing water,  and  coyered  with  a  glass  plate.  When  a  few  ounces 
of  fluid  have  been  thus  introduced  into  the  flask,  the  latter  is  to 
be  corked,  allowed  to  cool,  and  accurately  weighed.  A  definite 
portion  of  the  solution  is  then  evaporated  in  a  platinum  basin, 
to  determine  the  proportional  amount  of  common  salt  contained 
in  it.  Some  sal  ammoniac  should  be  added  in  the  process  of 
evaporation,  since  this  will,  in  some  measure,  prevent  the  decrepi- 
tation which  attends  the  ignition  of  common  salt. 

h.  In  water  of  57.2  F,   The  boiling  saturated  solution  is  allowed 
to  cool  down  to  67.2°  F.,  (the  liquid  should  be  frequently  shaken), 
and  the  further  process  is  conducted  as  directed  in  a. 
100  parts  of  water  dissolve  at  229.5°  F.  .  .  40.35  of  common  salt 
100         „         „  „  57.2°  F.  .  .  85.87 

19.    Determination    of    the   degree    of   solubility  of 

GYPSUM. 

a.  In  water  of  212°  F. 

h.  In  water  of  53.6°  F. 

Pure,  levigated  sulphate  of  lime  is  digested  for  some  time  with 
water,  at  last  at  a  temperature  of  from  104°  to  122°  F.  (This  is 
the  temperature  at  which  the  largest  proportion  of  gypsum  dis- 
solves.) 

The  clear  solution,  together  with  the  undissolved  gypsum,  is 
poured  into  two  flasks,  and  the  fluid  in  the  one  flask  is  then 
heated  to  boilingt-ADd  kept  for  some  time  in  a  state  of  ebullition  ; 
the  fluid  in  the  other  flask  is  allowed  to  cool  down  to  53.6^  F., 
(being  frequently   shaken  the  while,)  and   is  then  kept  at  rest 

10 
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for  some  time.  Both  solutions  are  now  filtered^  and  the  filtrate 
weighed^  the  amount  of  gypsum  present  in  each  being  finally 
determined  by  evaporating  the  respective  solutions^  and  igniting 
the  residues. 

100  parts  of  water  of  212°  F.  dissolve  .  .  0.21 7  of  anhyd.  gypsum 
100        „        „  53.6° F. dissolve,  .0.233 

20.  Analysis  of  atmospheric  air. 
Method  2  (§  187). 

0     .     .     .     .     20.8  vol. 
N     .     .     .     .     79.2  vol. 

100.0 

21.  Separation  of  potass  from  soda. 

Weighed  quantities  of  pure  chloride  of  sodium  and  pure  chlo- 
ride of  potassium  are  mixed,  and  the  separation  of  the  alkalies 
^om  one  another  is  then  efiected. 

a.  In  the  direct  way,  according  to  §  115.  1.  a. 

b.  In  the  indirect  way,  according  to  §  115.  1.  &. 

22.  Separation  of  iron  from  manganese. 

Weighed  quantities  of  pure  peroxide  of  iron  and  pure  manga- 
noso-manganic  oxide  are  mixed,  and  the  metals  are  subsequently 
separated. 
a.  By  means  of  carbonate  of  barytes  (§  124.  1.  /8.) 
h.  By  means  of  succinate  of  ammonia  (§  124.  1.  a.) 

23.  Separation  of  arsenic,  iron,  lime,  and  potass  from 
ONE  another. 

Weighed  quantities  of  pure  arsenious  acid,  peroxide  of  iron, 
carbonate  of  lime,  and  chloride  of  potassium  are  mixed,  and  the 
mixture  is  subsequently  dissolved  in  dilute  hydrochloric  acid,' 
and 

a.  The  arsenic  is  precipitated  from  the  solution  by  means 
of  sulphuretted  hydrogen  (§  U7.  2.  a.) 

b.  The  iron  from  the  filtrate  of  a.  with  ammonia  (§  85.  a,) 

N  N   2 
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c.  The  lime  from  the  filtrate  of  h.  with  oxalate  of  ammonia 
(§  76.  2.  J.) 

d.  The  potass  is  determined  in  the  filtrate  of  c,  for  which 
purpose  the  filtrate  is  to  be  evaporated  to  dryness,  the  residue 
ignited,  subsequently  redissolved  in  water,  some  hydrochloric  acid 
added  to  the  solution,  the  fluid  once  more  evaporated  to  dryness, 
and  the  residue  finally  again  iguited  (§  72.  3.) 

24.  Separation  of  silver  from  mercury. 

Weighed  quantities  of  pure  peroxide  of  mercury  and  pure  ni- 
trate of  silver  are  mixed,  and  the  mixture  is  subsequently  dis- 
solved in  dilute  nitric  acid ;  the  solution  is  precipitated  with  sul- 
phuretted hydrogen,  and  the  precipitates  are  finally  exposed  to  a 
current  of  chlorine  gas  (^  127.  I.  y.) 

25.  Analysis  of  water. 

Pure  oxide  of  copper  is  introduced  into  a  bulbous  tube  and* 
ignited ;  the  tube  (with  its  contents)  is  then  accurately  weighed. 
A  slow  stream  of  hydrogen  gas — (which  has  been  perfectly  puri- 
fied, and  dried  by  transmission  through  potass  ley,  and  subse- 
quently through  sulphuric  acid) — is  then  transmitted  through  the 
tube ;  a  weighed  chloride  of  calcium  tube  being  previously  affixed 
to  the  other  end,  by  means  of  a  perforated  cork.  When  every 
trace  of  air  is  expelled  from  the  apparatus,  the  oxide  of  copper  is 
to  be  heated  to  iotense  redness,  and  jointly  with  this,  the  pos- 
terior part  of  the  bulbous  tube,  together  with  the  cork;  are  to  be 
heated  with  a  little  spirit-lamp,  beyond  212°  F.  When  the  whole 
of  the  oxide  of  copper  is  reduced,  the  lamp  is  withdrawn  from  the 
bulb,  the  other  lamp  being  subsequently  also  removed.  The 
transmission  of  the  hydrogen  gas  is  continued  UDtil  the  tube 
has  cooled;  the  bulbous  tube  is  then  weighed,  and  so  is  the 
chloride  of  calcium  tube.  The  increase  in  the  weight  of  the 
latter  expresses  the  quantity  of  water  that  has  been  formed  in  the 
process,  whilst  the  decrease  of  weight,  which  the  bulbous  tube 
exhibits,  indicates  the  amount  of  oxygen  contained  in  the  water. 
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26.  Analysis  of  brass. 

The  essential  constituents  of  brass  are  from  twenty-five  to 
thirty-five  per  cent,  of  zinc,  and  from  sixty-five  to  seventy-five 
per  cent,  of  copper.  Besides  these,  it  contains  usually  small 
quantities  of  tin  and  lead.  About  four  grammes  of  the  brass 
which  it  is  intended  to  analyse  are  dissolved  in  nitric  acid>  and 
the  solution  is  separated  from  the  undissolved  peroxide  of  tin, 
according  to  the  instructions  given  at  §  129.  6.  a.  The  solution 
is  considerably  concentrated  by  evaporation,  pure  sulphuric  acid 
being  added  during  the  process;  the  concentrated  solution  is 
then  again  diluted  with  water,  and  tlie  sulphate  of  lead  which 
will  separate  after  some  time,  is  determined  according  to  the 
directions  of  §  87.  2.  a.  The  filtrate  is  weighed,  and  a  weighed 
portion  of  it  (about  one  half)  treated  with  sulphuretted  hydrogen 
to  precipitate  the  copper  (§  90.  1.  c^  The  zinc  .is  finally  deter- 
mined in  the  fluid  filtered  off  from  the  precipitated  sulphuret  of 
copper,  according  to  the  directions  of  §  80.  a. 

Pinchbeck,  prince's  metal,  gold  of  Mannheim,  and  other  alloys 
analogous  to  brass,  are  analysed  in  exactly  the  same  manner. 

27.  Analysis  of  alloys  of  copper  and  tin.  (Bronze,  Gun- 
metal,  &c.) 

These  usually  contain,  besides  copper  and  tin,  small  admix* 
tures  of  lead  and  iron,  and  sometimes  likewise  of  zinc. 

Alloys  containing  only  a  comparatively  small  proportion  of  tin 
may  be  analysed  as  directed  in  26.  But  alloys  containing  a  con- 
siderable proportion  of  tin  are  to  be  analysed  in  the  following 
manner : 

About  three  grammes  of  the  alloy  are  heated  in  a  bulbous  tQb«, 
in  a  stream  of  chlorine  gas,  and  the  volatile  chlorides  formed 
(the  chlorides  of  tin,  zinc,  and  iron)  are  received  in  water  mixed 
with  hydrochloric  acid;  the  chlorides  of  lead  and  copper  remain 
in  the  tube  (§  127.  1.  y.)  A  stream  of  hydrogen  gas  is  now 
transmitted  through  the  tube,  heat  being  at  the  same  time  applied 
to  the  chlorides.  This  effects  the  reduction  of  the  latter  to  the 
metallic  state.     The  reduced  metals  are  then  weighed  in  the  tube. 
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sabsequently  dissolved  in  nitric  acid,  and  the  empty  tabe  weighed 
again ;  the  difference  between  the  former  and  the  latter  weight 
expresses  the  joint  weight  of  the  copper  and  lead.  The  lead  is 
now  estimated  in  the  solution^  according  to  the  directions  of 
§  127.  14.  and  the  weight  found  subtracted'from  the  joint  weight 
of  the  copper  and  lead ;  the  difference  shows  the  amount  of  cop- 
per  contained  in  the  analysed  alloy.  The  tin  is  precipitated  from 
the  hydrochloric  solution  by  means  of  sulphuretted  hydrogen, 
(^  96.  c),  and  the  iron  and  zinc  in  the  filtrate  are  then  finally 
separated  by  means  of  succinate  of  ammonia  (§  124.  4.) 

28.  Analysis  of  German  silver. 

German  silver  consists  of  zinc,  nickel,  and  copper.  Besides 
these,  it  contains  mostly  some  iron,  sometimes  tin  and  cobalt,  and 
rarely  appreciable  traces  of  arsenic. 

The  following  process  relates  to  the  estimation  of  the  principal 
constituents  alone. 

About  three  grammes  of  the  German  silver  which  it  is  intended 
to  analyse  are  dissolved  in  nitric  acid,  and  the  copper  is  subse- 
quently precipitated  from  the  solution  by  means  of  sulphuretted 
hydrogen  (§  90.  1.  c.) 

The  excess  of  sulphuretted  hydrogen  is  removed  from  the 
filtrate,  and  the  zinc  and  nickel  are  then  precipitated  with  car- 
bonate of  soda,  and  finally  separated  from  one  another,  by  one  of 
the  methods  described  at  §  124.  10. 

29.  Analysis  of  gunpowder.    (Gay-Lussac.) 
a.  Estimation  of  the  moisture. 

From  two  to  three  grammes  of  the  finely-levigated  powder  are 
weighed  off,  and  subsequently  dried  at  212°  F.  (The  result  will 
be  found  more  accurate  still  if  the  powder  be  dried  in  vacuo  over 
sulphuric  acid). 

J.  Estimation  of  the  nitrate  of  potass. 

About  three  grammes  of  the  finely- levigated  powder  are  weighed 
off,  drenched  with  hot  water,  digested  for  some  time,  and  the 
insoluble  residue  subsequently  collected  upon  a  tared  filter,  tho* 
roughly  washed,  dried  at  212°  F.,  and  weighed.     The  difference 
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between  the  former  and  the  latter  weight  expresses  the  amount 
of  nitrate  of  potass  contained  in  the  analysed  powder.  Should 
the  analyst  desire  to  weigh  the  nitrate  of  potass  directly,  he  need 
simply  evaporate  the  filtrate  to  dryness  (§71.  2.) 

0.  Estimation  of  the  sulj^hur. 

One  part  (about  1  to  1.5  gramme)  of  the  finely-levigated 
powder  is  mixed  with  an  equal  amount  of  pure,  anhydrous  car- 
bonate of  soda ;  the  mass  is  then  mixed  with  one  part  of  pure 
nitrate  of  potass  and  four  parts  of  pure  and  dry  chloride  of  so- 
dium. The  whole  mixture  is  introduced  into  a  platinum  crucible, 
and  heated  until  combustion  ensues  and  the  mass  appears  white. 
The  fused  saline  mass  is  then  dissolved  in  water,  the  solution  is 
acidified  with  hydrochloric  acid,  and  the  sulphuric  acid  which 
has  been  formed  in  the  process  by  the  oxidation  of  the  sulphur 
is  then  finally  precipitated  with  chloride  of  barium  (§  100. 1.) 

Estimation  of  the  charcoal. 

The  difference  between  the  joint  weight  of  the  moisture,  nitre, 
and  sulphur,  and  the  original  weight  of  the  analysed  powder,  in- 
dicates the  amount  of  the  charcoal. 

30.  Analysis  of  natrolite. 

The  essential  constituents  of  natrolite  are :  soda,  alumina,  silicic 
acid,  and  water.  Besides  these,  this  mineral  sometimes  contains 
lime,  and  peroxide  of  iron. 

From  four  to  five  grammes  of  the  mineral  are  finely  levigated, 
the  powder  is  dried  at  212^  F.,  and  divided  into  two  portions  of 
about  two  grammes  each. 

a.  The  water  is  determined  in  the  one  portion  (§14.  e.) 

b.  The  other  portion  is  digested  at  a  gentle  heat  with  concen- 
trated hydrochloric  acid  until  completely  decomposed.  The 
silicic  acid  is  then  removed  in  the  manner  directed  at  §  106.  II. 
b.  ;  the  alumina  is  subsequently  precipitated  from  the  filtrate,  as 
directed  at  §  78.  a.,  and  the  soda  is  then  finally  determined,  ac- 
cording to  §  72.  3. 

31.  Analysis  of  steatite. 

The  essential  constituents  of  steatite  are  magnesia  and  silicic 
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acid ;  besides  these  substances,  this  mineral  contains  water  and 
usually  also  iron  and  alumina. 

The  mineral  is  finely  levigated,  and  the  powder  dried  in  the 
water-bath. 

a.  About  four  grammes  are  treated  according  to  §  14.  ^.,  to 
determine  the  amount  of  water  present. 

b.  The  residue  of  a.  is  accurately  weighed,  fluxed  with  carbo- 
nate of  soda,  {%  20.  a.),  and  the  silicic  acid  separated  in  the  usual 
manner ;  the  peroxide  of  iron  and  the  alumina  are  then  precipi- 
tated with  ammonia — (and  subsequently  separated  from  one  ano- 
ther according  to  the  directions  of  §  128.  A.  a.) — and  the  mag- 
nesia is  finally  precipitated  with  phosphate  of  soda  (§  77.  2.) 

32.  Analysis  of  kaolin. 

The  principal  constituents  of  kaolin  are  alumina,  silica,  and 
water;  besides  these,  it  contains  frequently  small  quantities  of 
alkalies,  carbonate  of  lime,  magnesia,  peroxide  of  manganese, 
and  peroxide  of  iron,  nni  usually  a  larger  or  smaller  admixture  of 
quartz-sand. 

The  finely-levigated  clay  is  dried  in  the  water- bath,  and 

a.  About  two  grammes  are  treated  as  directed  at  §  14.  e.,  to 
determine  the  amount  of  the  water. 

b.  About  five  grammes  are  digested  and  boiled  with  pure  concen- 
trated sulphuric  acid  until  completely  decomposed  (this  operation 
is  conducted  best  in  a  platinum  crucible).  The  solution  is  then  eva- 
porated nearly  to  dryness,  and  the  residue  subsequendy  digested, 
and  heated  with  concentrated  hydrochloric  acid  ;  tlie  solution  is  di- 
luted with  water,  filtered,  and  the  residue  thoroughly  washed.  The 
alumina  is  determined  in  the  filtrate,  and  so  are  the  lime,  mag- 
nesia, iron,  and  manganese,  should  these  substances  be  present ; 
the  residue  consists  of  separated  silicic  acid  mixed  with  quartz- 
sand  ;  the  separation  of  the  former  from  the  latter  is  effected  by 
boiling  with  a  solution  of  carbonate  of  soda. 

c.  Should  carbonic  acid  be  present,  this  is  to  be  determined  in 
a  third  portion  of  the  levigated  clay,  according  to  the  directions 
of  §  105.  II.  b.  /8.  art. 
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83.  Analysis  of  glass. 

a.  About  three  grammes  of  finely-levigated  glass  are  flaxed 
with  carbonate  of  soda,  and  the  silicic  acid,  lime,  magnesia,  alu- 
mina, iron,  manganese,  &c.,  are  subsequently  determined  in  the 
fused  mass. 

h.  Another  portion  of  about  three  grammes— >(which  must  be 
most  finely  elutriated) — is  fluxed  with  hydrate  of  barytes,  (§  20. 
A)*  or  with  fluor-spar  and  sulphuric  acid,  (§  106.  II.  c.  p.),  and 
the  alkalies  are  subsequently  determined  in  the  fluxed  mass. 

84.  Analysis    of    magnetic    iron    ore    (ferroso-fbrric 

OXIDE.) 

(Compare  the  methods  described  at  §  124.  5.) 

FeO  .     450.00         .         .         .     31.04 

Fe,  0,      .         .  1000  00         .         .         .     68.96 


1450.00  100.00 

35.  Analysis  of  litharge.     (Vide  §  ill.  II.  c.) 
(Percentage  composition,  vide  §  57./.) 

36.  Analysis  of  dolomite. 
Constituents  :  Lime,  magnesia,  carbonic  acid. 
The  mineral  is  levigated  and  dried  at  212^  F. 

a.  About  two  grammes  of  the  powder  are  treated  according  to 
the  directions  of  ^  105.  II.  b.  a.  or  /9.,  to  determine  the  amount 
of  the  carbonic  acid. 

b.  Another  portion  of  about  two  grammes  is  cautiously  (in 
an  obliquely  placed  flask)  dissolved  in  hydrochloric  acid,  and  the 
lime  and  magnesia  in  the  solution  are  subsequently  separated 
from  one  another,  according  to  the  directions  of  §  II 7.  6.  a.  Should 
the  hydrochloric  acid  leave  a  residue  undissolved,  this  consists 
generally  of  quartz-sand. 

37.  Analysis  of  orey  cobalt  ore. 
Constituents  :  Sulphur,  arsenic,  cobalt,  iron. 

About  three  or  four  grammes  of  the  finely-levigated  mineral 
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are  introduced  into  a  flask^  and  digested  with  strong  nitric  acid, 
until  the  action  of  the  acid  begins  to  relax ;  strong  hydrochloric 
acid  is  then  added,  and  heat  applied,  until  the  eliminated  solphar 
appears  of  a  pure  yellow.  The  solution  is  now  diluted,  and  the 
sulphur  collected  upon  a  tared  filter;  the  sulphuric  acid  which 
has  been  formed  in  the  process  is  precipitated  from  the  filtrate 
with  chloride  of  barium,  and  the  excess  of  barytes  subsequently 
removed  by  means  of  dilute  sulphuric  acid ;  the  arsenic  acid  is 
reduced  by  means  of  sulphurous  acid,  (§  07.  2.  b.),  the  reduced 
arsenic  subsequently  precipitated  with  sulphuretted  hydrogen,  and 
the  cobalt  and  iron  are  finally  separated  accordingly  to  the  direc- 
tions of  §  124.  2. 

88.  Analysis  of  the  ashes  of  a  plant. 
(Method  described  in  §|  173—180.) 

30.  Analysis  of  a  soil. 
(Methods  described  in  §§  181—184  ) 

40.  Analysis  of  a  mineral  water. 
Method  described  in  §§  166 — 172.) 

B.  Organic  analysis. 

41.  Analysis  of  cane  stJOAR. 

Perfectly  pure,  white  crystals  of  cane  sugar  are  powdered,  and 
the  powder  is  dried  at  212°  F.  (§  140.  a.  a.) 

12  0         .         .         .     000.00        .         .         .     42.10 
11  H        .         .         .     137.50         .  .       6.44 

11  0         .         .         .  1100.00         .  .     51.46 


2137.50  100.00 

42.  Analysis  of  oil  of  turpentine. 

(Vide  §  144.) 

A  recently  rectified  and  perfectly  anhydrous  oil  is  selected  for 

the  analysis. 

5  0         .  .         .  375.00         .         .         ,     88.24 

4  H        .         .         .     50.00         .  .     1J.76 

425.00  100.00 
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43.  Analysis  of  a  fatty  substance. 
(Stearine,  oleic  acid,  wax,  &c.     |  145.) 

44.  Analysis  of  urea. 

a.  Estimation  of  the  carbon  and  hydrogen. 
h.  Estimation  of  the  nitrogen ;  vide  §  149. 
RENTRAPP  and  Will. 

2  0         .        .         .  150.00 
2N        .         .  850.50 

4H        .         .,        .     50.00 
2  0         .        .        .  200.00 


(Vide  §  146.  a.) 
Method  of  Var 

.  19.99 

.  46.70 

.  6.66 

.  26.65 


750.50  100.00 

45.  Analysis  of  uric  acid. 

a.  Estimation  of  the  carbon  and  hydrogen  (^  146.  a.) 
h.  Estimation  of  the  nitrogen  (§  148.  Dumas'  method.) 

5  C         .         .         .  375.00         .         .  .     85.69 

2N         .         .         .  850.50         .         .  .     88.37 

2H        •  .     25.00         .         .  .       2.88 

3  0         .         .         .  800.00         .         .  .     28.56 


1050.50  100.00 

46.  Analysis  of  percyanide  of  mercury. 

Estimation  of  the  nitrogen  by  Liebio's  method  (§  147.) 
Hg  .  .  .  1250.90  .  .  .  79.36 
20  .  .  .  150.00  .  .  .  9.52 
N  .         .         .     17525         •        .         .     11.12 


1576.15  100.00 

47.  Analysis  of  tartrate  of  silver. 

a.  Estimation  of  the  silver,  vide  §  86.  4. 

h.  Estimation  of  the  carbon  and  hydrogen,  vide  §  140.  a.  a. 
AgO         .         .         .  1449.01         .         .         .     63.72 
0^  H,  O5  .         .     825.00         .         .         .     86.28 


2274.01  100.00 
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48.  Analysis  of  ferrocyanide  of  potassium. 

a.  Combustion  with  chromate  of  lead  (§  146.  a.) 

b.  Estimation  of  the  nitrogen  by  the  method  of  Varrentrapp 
and  Will  {§  149.) 

c.  Estimation  of  the  potass  (as  chloride  of  potassium)  vide  §  71. 

d.  Estimation  of  the  iron,  yide  §  110.  III.  b. 

e.  Estimation  of  the  water  (§  14.  d.) 

2K         .         .         .   .977.88         .         .         .     37.03 


60 
3N 
IFe 
3  Aq. 


450.00 
525.75 
350.00 
337.50 


17.04 
19.90 
13.25 
12.78 

100.00 


2641.13 
49.  Analysis  of  quinine. 

a.  Estimation  of  the  carbon  and  hydrogen^  vide  §  146. 

b.  Estimation  of  the  nitrogen  (§  149.) 

c.  Determination  of  the  atomic  weight. 

a.  From  the  double  platinum  salt  (§  94.  a  ) 
p.  From  the  increase  of  weight  upon  the  transmission  of 
hydrochloric  acid  gas  {%  153.  b.) 

20  C  .         •  1500.00         .  .  74.06 

12  H.       .  .     150.00         .         .         .     7.41 

IN  ...     175.25  .         .     8.65 

2  0  .     •    .         .     200.00         .         .     •    .     9.88 


2025.25     ,  .     100.00 

50.  Determination  of  the  specific  weight  of  the  cam- 
phor VAPOR.     Vide  §  154. 

(For  the  calculated  result,  vide  §  165.) 
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I.    Experiments. 

1.  Water  distilled  from  glass  vessels.     (§  34.  1.) 
42.41  grammes  of  water  which  had  been  distilled  with  extreme 

caution  from  a  tall  glass  flask  with  a  Liebig^s  condensing  tube^ 
left  upon  evaporation  in  a  platinum  basin,  a  residue  weighing 
after  ignition  0.0018  grm.,  consequently  tttbt* 

2.  Sulphate  of  potass  and  alcohol,  (§  42.  a.) 

a.  Ignited  pure  sulphate  of  potass  was  digested  cold  with  ab- 
solute alcohol,  for  the  space  of  several  days,  the  solvent  action 
of  the  alcohol  being  aided  by  frequent  agitation  of  the  mixture  ; 
the  fluid  was  then  filtered  off,  the  filtrate  diluted  with  water,  and 
subsequently  mixed  with  chloride  of  barium.  It  remained  per- 
fectly clear  upon  the  addition  of  this  reagent,  but  after  the  lapse 
of  a  considerable  time  it  began  to  exhibit  a  slight  opalescence. 
Upon  evaporation  to  dryness  there  remained  a  very  trifling  residue, 
which  manifested  however  a  distinct  reaction  of  sulphuric  acid. 

b.  The  same  salt  treated  in  the  same  manner,  with  addition  of 
some  pure  concentrated  sulphuric  acid,  yielded  a  filtrate,  which 
upon  evaporation  in  a  platinum  dish  left  a  perfectly  distinct  fixed 
residue  of  sulphate  of  potass. 

8.  Deportment  of  chloride  of  potassium  in  the  air, 
and  at  a  high  temperature.     (§  42.  c) 

0  9727  grm.  of  ignited  (not  fused)  pure  chloride  of  potassium 
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were  heated  to  dull  redness  in  an  open  platinum  basin^  and  kept 
ten  minutes  at  this  temperature,  when  loss  of  weight  of  0.0007 
gramme  was  observed ;  maintained  for  ten  minutes  longer  in  this 
state,  the  weight  remained  the  same.  Heated  to  bright  redness 
and  semi-fusion,  the  salt  suffered  a  further  loss  of  weight  to  the 
extent  of  0.0009  gramme.  Ignited  intensely  and  to  perfect 
fusion,  it  lost  0.0034  gramme,  in  addition  to  the  former  0.0007 
and  0.0009  gramme. 

Eighteen  hours  exposure  to  the  air  produced  not  the  slightest 
increase  of  weight. 

4.  SoLUBiLrry  of  fotassio-chloride  of  platinum  in  al- 
cohol.    (§  42.  d.) 

a.  In  absence  of  free  hydrochloric  acid, 

a.  An  excess  of  perfectly  pure,  recently  precipitated,  potassio- 
chloride  of  platinum  was  digested  for  six  days  at  from  59^  to  68^  F., 
with  alcohol  of  97.5  per  cent.,  in  a  stoppered  bottle,  the  solvent 
action  of  the  alcohol  being  aided  by  frequent  agitation  of  the  mix- 
ture. 72  5  grammes  of  the  perfectly  colorless  filtrate  left  upon 
evaporation  in  a  platinum  basin,  a  residue  which  dried  at  212^ 
weighed  0.006  grammes.  The  solution  of  one  part  of  potassio- 
chloride  of  platinum  require  therefore  J  2083  parts  of  alcohol  of 
97.5  per  cent. 

p.  The  same  experiment  was  made  with  spirit  of  wine  of  76  per 
cent  The  filtrate  was  nearly  colorless ;  upon  evaporation,  slight 
nigrescence  ensued,  in  which  account  the  residue  was  determined 
as  platinum.  75.5  grammes  yielded  0.008  gramme  of  platinum 
corresponding  to  0.02  gramme  of  the  potassio-chloride.  One 
part  of  this  salt  dissolves  accordingly  in  3775  parts  of  spirit  of 
wine  of  76  per  cent. 

8.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per 
cent:  the  filtrate  was  distinctly  yellowish.  63.2  grammes  left 
0.0241  gramme  of  platinum  corresponding  to  0.06  gramme  of 
the  potassio-chloride.  One  part  of  this  salt  dissolves  accordingly 
in  1053  parts  of  spirit  of  wine  of  55  per  cent. 
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h.  In  f^resence  of  free  hydrochloric  acid. 

Recently  precipitated  potassio-chloride  of  platinum  was  digested 
cold  with  spirit  of  wine  of  76  per  cent,  containing  an  admixture 
of  hydrochloric  acid.  The  solution  was  yellowish  ;  67  grammes 
left,  0.0146  gramme  of  platinum,  which  corresponds  to  0.0365 
gramme  of  the  potassio-chloride.  One  part  of  this  salt,  therefore, 
dissolved  in  1835  parts  of  spirit  of  76  per  cent.,  containing  an 
admixture  of  hydrochloric  acid. 

5.  Sulphate  of  soda  and  alcohol.    (§  43.  a.) 

Experiments  made  with  pure  anhydrous  sulphate  of  soda,  in  the 
manner  described  at  2.,  showed  that  this  salt  comports  itself  both 
with  pure  alcohol,  and  alcohol  containing  sulphuric  acid  in  ad- 
mixture, exactly  like  the  sulphate  of  potass. 

6.  Deportment  of  the  ignited  sulphate  of  soda  in  the 
AIR.     (§  43.  a.) 

2.5169  grammes  of  anhydrous  sulphate  of  soda  were  exposed 
in  a  watch  glass  to  the  open  air  on  a  hot  summer  day.  The  first 
few  minutes  passed  without  any  increase  of  weight,  but  after  the 
lapse  of  five  hours  an  increase  of  0,0061  gramme  was  observed. 

7.  Experiments  with  nitrate  of  soda.     (§  43.  J.) 

a.  4.5470  grammes  of  pure  nitrate  of  soda  exposed  in  a  state 
of  fusion,  to  the  air,  (in  April,  the  weather  being  fine,)  exhibited 
after  the  lapse  of  twenty-four  hours,  an  increase  of  weight  of 
0.0006  gramme. 

h,  4.5479  grammes  of  pure  nitrate  of  soda  were  dissolved  in 
water,  in  a  platinum  basin,  and  pure  nitric  acid  was  added  to  the 
solution ;  the  mixture  then  evaporated  to  dryness  in  the  water- 
bath,  and  the  residual  mass  cautiously  heated  to  incipient  ftisiou. 
The  contents  of  the  basin  weighed,  after  cooling  4.5503  grammes. 
The  mass  was  now  again  heated  to  complete  fusion ;  after  cooling 
it  was  found  to  weigh  4.5474  grammes. 
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8.  Depobtm£nt  op  chloride  of  sodium  in  the  air 
(§  43.  c.) 

4.3281  grammes  of  chemically  pure  intensely  ignited  (bat  not 
fused)  chloride  of  sodium  which  has  been  cooled  under  a  glass 
j^  over  sulphuric  acid,  acquired  during  forty-five  minutes  expo- 
sure to  the  (somewhat  moist)  air,  an  increase  of  weight  of  0.0009 
gramme. 

9.  Deportment  op  chloride  of  sodium  upon  ignition 
with  and  without  sal  ammoniac. 

4.3281  grammes  of  chemically  pure  ignited  chloride  of  sodium 
were  dissolved  in  water  in  a  moderately  sized  platinum  basin,  and 
pu|;e  sal  ammoniac  added  to  the  solution,  which  was  then  evapo- 
rated and  the  residue  gently  heated  until  the  evolution  of  sal- 
ammoniac  fiimes  had  apparently  ceased.  The  weight  of  the 
residue  was  now  4.3334  grammes.  The  residue  was  then  again 
very  gently  ignited  for  about  two  minutes,  and  subsequently  re- 
weighed,  when  the  weight  was  found  to  be  4,3314  grammes. 
After,  a  few  minutes  strong  ignition,  the  weight  of  the  residue  was 
4.3275  grammes.  After  two  minutes  intense  ignition,  (upon 
which  occasion  white  fiimes  were  seen  to  escape,)  the  weight  of 
the  residue  was  found  to  be  4.3249  grammes. 

10.  Deportment  of  sal  ammoniac  upon  evaporation  and 

EXSICCATION.      (§  44.  a.) 

0.5625  gramme  of  pure  and  perfectly  dry  sal  ammoniac  were 
dissolved  in  water  in  a  platinum  basin,  and  the  solution  was  sub- 
sequently evaporated  and  dried  in  the  water-bath ;  the  weight  was 
now  found  to  be  0.5622  gramme,  (ratio  100 :  99.94.)  The  mass 
was  again  heated  for  fifteen  minutes  in  the  water-bath,  and  after- 
wards re-weighed,  when  the  weight  was  found  to  be  0.5612  grm. 
(ratio  100  :  99.77.)  Exposed  once  more  for  fifteen  minutes 
to  the  same  temperature ;  the  weight  was  afterwards  found  to  be 
0.5608  grammes,  (ratio  100  :  99.69.) 
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11.  Solubility  of  ammonio-chloride  of  platinum  in  al- 
cohol. (§  44.  i.) 

a.  In  the  absence  of  free  hydrochloric  acid. 

a.  An  excess  of  perfectly  pure  recently  precipitated  ammonio- 
chloride  of  platinum  was  digested  for  six  days,  at  from  59°  to  68° 
F.,  with  alcohol  of  97.5  per  cent.,  in  a  stoppered  bottle,  the  solvent 
action  of  the  alcohol  being  aided  by  frequent  agitation  of  the 
mixture. 

74.03  grammes  of  the  perfectiy  colorless  filtrate  left,  upon 
evaporation  in  a  platinum  basin,  a  residue  of  platinum  which,  after 
ignition,  weighed  0.0012  grm.,  corresponding  to  0.00128  of  the 
ammonio-chloride.  One  part  of  this  salt,  therefore,  dissolves  in 
26535  parts  of  the  alcohol  of  97.5  per  cent. 

p.  The  same  experiment  was  made  with  spirit  of  wine  of  76  peir 
cent.     The  filtrate  was  distinctly  yellowish. 

81.75  grammes  left  0.0257  grm.  of  platinum,  which  corre^ 
spends  to  0.0584  grm.  of  the  ammonio-chloride.  Therefore,  one 
part  of  the  salt  dissolves  in  1406  parts  of  spirit  of  wine  of  76  per 
cent. 

y.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per 
cent.  The  filtrate  was  distinctly  yellow.  Slight  nigrescence 
ensued  upon  evaporation,  and  56.5  grammes  of  the  filtrate  left 
0.0364  grm.  of  platinum,  which  corresponds  to  0.08272  grm.  of 
the  ammonio  chloride.  Consequently  one  part  of  the  salt  dissolves 
in  665  parts  of  spirit  of  wine  of  55  per  cent. 

b.  In  presence  of  hydrochloric  acid. 

The  experiment  described  in  p.  was  repeated,  with  this  modifi- 
cation, that  some  hydrochloric  acid  was  added  to  the  spirit  of 
wine.  76.5  grammes  left  0.0501  grm.  of  platinum,  which  corre- 
ponds  to  0.1189  grm.  of  the  ammonio-chloride.  672  parts  of  the 
acidified  alcohol  had  dissolved  one  part  of  ammonio-chloride  of 
platinum. 

12.  Solubility  of  cabbonate  of  barytes  in  water. 
(§  45.  ».) 

o  o 
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a.  In  cold  water.  Perfectly  pure,  recently  precipitated  car- 
bonate of  barytes  (Ba  O,  CO,)  was  digested  for  five  days  with 
water  of  from  60.8  to  68^  F.,  the  solvent  action  of  the  water  being 
aided  by  firequent  agitation  of  the  mixture.  The  solution  was  then 
filtered,  and  a  sample  of  the  filtrate  tested  with  sulphuric  acid,  and 
another  sample  with  ammonia ;  the  former  reagent  produced  im- 
mediate turbidity  in  the  fluid,  the  latter  only  after  the  lapse  of  a 
considerable  time.  84.82  grammes  of  the  solution  left  0.006  of 
Ba  O,  GO,.  One  part  of  this  salt,  consequently,  dissolves  in  14137 
parts  of  cold  water. 

b.  In  hot  water.  The  same  carbonate  of  barytes  being  boiled 
for  ten  minutes  with  pure  distilled  water,  yielded  a  filtrate  mani- 
festing the  same  reactions  as  that  prepared  with  cold  water,  and 
remained  perfectly  clear  upon  cooling.  84.82  grammes  of  the 
hot  solution  left,  upon  evaporation,  0.0055  grm.  of  carbonate  of 
barytes.  One  part  of  this  salt,  therefore,  dissolves  in  15421 
parts  of  boiling  water. 

13.  Solubility  of  carbonate  of  barytes  in  water  con- 
taining AN  admixture  of  AMMONIA  AND  CARBONATE  OF 
AMMONIA.  (§  45.  b.) 

A  solution  of  chemically  pure  chloride  of  barium  was  mixed  with 
ammonia,  and  carbonate  of  ammonia  in  excess,  and  the  mixture 
gently  heated  and  left  standing  at  rest  for  twelve  hours ;  the  fluid 
was  then  filtered  off  and  a  sample  of  the  filtrate  treated  with  sul- 
phuric acid;  it  remained  perfectly  clear,  but  after  the  lapse  of  a 
very  considerable  time  a  hardly  perceptible  precipitate  separated. 
84.820  grammes  of  the  filtrate  left,  upon  evaporation  in  a  small 
platinum  basin,  and  subsequent  gentle  ignition  of  the  residue,  , 

0.0006  grm.  of  carbonate  of  barytes.     One  part  of  this  salt  had  I 

dissolved  in  141000  parts  of  the  fluid.  \ 

In  another  experiment  sal  ammoniac  was  added  to  the  solution  I 

of  the  chloride  of  barium,  previously  to  precipitation ;  the  results 
were  the  same. 
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14.  Solubility  of  silico-fluoride  of  barium  in  water. 
(§  46.  c.) 

a.  Recently  precipitated,  thoroughly  washed  silico-fluoride  of 
harium  was  digested  for  four  days  with  cold  water ;  the  fluid  was 
then  filtered  off,  and  one  sample  of  the  filtrate  tested  with  dilute 
sulphuric  acid,  and  another  sample  with  solution  of  gypsum;  hoth 
reagents  produced  turhidity,  the  former  immediately,  the  latter 
after  one  or  two  seconds, — ^precipitates  separated  from  both  sam- 
ples after  the  lapse  of  some  time.  84.82  grammes  of  the  filtrate 
left  a  residue  which,  after  being  thoroughly  dried,  weighed  0.0223 
grm.  One  part  of  the  salt,  therefore,  required  3802  parts  of  cold 
water  for  solution. 

b.  Recently  precipitated  silico-fluoride  of  barium  was  heated 
with  water  to  ebullition,  and  the  solution  subsequently  allowed  to 
cool  (upon  which  a  portion  of  the  dissolved  salt  separated  again 
from  the  solution).  The  cold  fluid  was  left  for  a  considerable 
time  longer  in  contact  with  the  undissolved  salt,  and  was  then 
filtered  off.  The  filtrate  showed  the  same  deportment  with  solu- 
tion of  gypsum  as  that  of  a,  84.82  grammes  of  it  left  0.025 
grm.  of  silico-fluoride  pf  barium.  One  part  of  this  salt  dissolved 
in  3392  parts  of  water. 

16.  Solubility  of  silico-fluoride  of  barium  in  water, 
acidified  v7ith  hydrochloric  acid.  (§  46.  c.) 

€u  Recently  precipitated  pure  silico-fluoride  of  barium  was  di* 
gested  for  three  weeks  with  cold  water  acidified  with  hydrochloric 
acid,  the  solvent  action  of  the  water  being  aided  by  firequent 
agitation  of  the  mixture.  The  filtrate  yielded  with  sulphuric  acid 
a  tolerably  copious  precipitate.  84.82  grammes  left  0.1166  grm. 
of  thoroughly  dried  residue  which,  calculated  as  silico  fluoride  of 
bariutD,  shows  that  the  solution  of  one  part  of  this  salt  requires 
733  parts  of  acidified  water  for  solution. 

*.  Recently  precipitated,  pure  silico-fluoride  of  barium  was 
mixed  with  water  very  slightly  acidified  with  hydrochloric  acid, 

oo2 
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aod  the  mixture  heated  to  boiling,  and  subsequently  cooled  dawn 
to  53.6°  F.  and  filtered.  84.82  grammes  of  the  filtrate  left  a  resi- 
due of  0.1322  grm.  The  proportion  between  the  salt  and  the 
fluid  which  it  requires  for  solution  is  as  1  :  640. 

N.6.  The  solution  of  siUco-fluoride  of  barium  in  hydrochloric 
acid  is  not  eflfected  without  decomposition;  at  all  events,  the 
residue  contains,  even  after  ignition,  a  large  proportion  of  chloride 
of  barium. 

16.  Solubility  of  sulphate  of  strontia  in  water. 
(§  46.  a.) 

a.  In  water  of  57.2°  F. 

84.82  grammes  of  a  solution  prepared  by  four  days'  digestion  of 
recently  precipitated  sulphate  of  strontia  with  water  of  the  com- 
mon temperature,  left  0.0123  grm.  of  sulphate  of  strontia.  One 
part  of  Sr  O,  SO,,  therefore,  dissolves  in  6895  parts  of  water. 

h.  In  water  ot  212^  F. 

84.82  grammes  of  a  solution  prepared  by  boiling  recendy  pre- 
cipitated sulphate  of  strontia  several  hours  with  water,  left  0.0088 
grm.  of  sulphate  of  strontia.  Consequently  one  part  of  this  salt 
dissolves  in  9638  parts  of  boiling  water. 

17.  Solubility  of  sulphate  of  strontia  in  water  con- 
taining AN  ADMIXTURE  OF  HYDROCHLORIC  ACID  AND  SULPHURIC 
ACID.  (§  46  a.) 

a.  84.82  grammes  of  a  solution  prepared  by  three  days'  digestion, 
left  0.0077 grm.  of  SrO,  SO,. 

b.  42.4 1  grammes  of  a  solution  prepared  by  four  days'  digestion, 
left  0.0036  grm. 

c.  Pure  carbonate  of  strontia  was  dissolved  in  an  excess  of 
hydrochloric  acid,  and  the  solution  precipitated  with  an  excess  of 
sulphuric  acid,  and  kept  standing  in  the  cold,  for  a  fortnight. 
84.82  grammes  of  the  filtrate  left  0.0066  grm. 
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In  a.   1  part  of  Sr  O,  SO,  required  11016  parts 

,,  ^.  1  .>  »  11780     „ 

»  ^.   1  „  »  12791     „ 


Average     11862 

18.  Solubility  of  carbonate  of  strontia  in  cold  water. 
(§46.*.) 

Recently  precipitated  thoroughly  washed  carbonate  of  strontia 
(Sr  O,  C  Os)  was  digested  several  days  with  distilled  cold  water, 
the  solvent  action  of  the  water  being  aided  by  frequent  agitation  of 
the  mixture.  84.82  gi'ammes  of  the  filtrate  left,  upon  evaporation, 
a  residue  weighing,  after  ignition,  0.0047  grm.  One  part  of  car- 
bonate of  strontia  requires  accordingly  18045  parts  of  water. 

19.  Solubility  of  carbonate  of  strontia  in  water  con- 
taining AN  ADMIXTURE  OF  AMMONIA  AND  CARBONATE  OF 
AMMONIA.    (§  46.  b,) 

Recently  precipitated,  thoroughly  washed  carbonate  of  strontia 
was  digested  for  four  weeks,  with  cold  water  containing  an  admix- 
ture of  ammonia  and  carbonate  of  ammonia,  the  operation  being 
aided  by  frequent  agitation  of  the  mixture.  84.82  grammes  of  the 
filtrate  left  0.0015  grm.  of  Sr  0,  COf .  Consequently  one  part  of 
the  salt  requires  56545  parts  of  this  fluid  for  its  solution. 

If  solution  of  chloride  of  strontium  is  precipitated  with  car- 
bonate of  ammonia  in  conjunction  with  ammonia  (§  75.  2.  a.), 
sulphuric  acid  produces  no  turbidity  in  the  filtrate,  after  previous 
addition  of  alcohol. 

20.  Solubility  of  carbonate  of  lime  in  cold  water. 
(§  47.  b.) 

A  hot  prepared  solution  of  carbonate  of  lime  (vide  infra 
21.)  was  digested  cold,  for  four  weeks,  with  the  undissolved 
residue ;  the  operation  being  aided  by  frequent  agitation  of  the 
mixture.  84.82  grammes  of  the  filtrate  left  0.0080  of  Ca  0,  COi. 
One  part  of  the  carbonate  required  10601  parts  of  cold  water 
for  solution. 
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21.  Solubility  of  carbonate  of  lime  in  boiling  water. 
(§  47.  b.) 

Recently  precipitated  Ca  0,  00*  was  boiled  with  distilled  water, 
and  the  ebullition  maintained  for  a  considerable  time.  42.41 
grammes  of  the  filtrate  left  upon  evaporation  and  subsequent  gentle 
ignition  of  the  residue  0.0048  grm.  of  Ca  O,  GO,.  The  solution 
of  one  part  of  carbonate  of  lime  requires  accordingly  8834  parts  of 
boiling  water. 

22.  Solubility  of  Ca  O,  COt   in  water  containing  an 

ADMirrUBE  OF  AMMONIA  AND  CARBONATE  OF  AMMONIA.  (§  47.  h.) 

Pure  solution  of  chloride  of  calcium  was  precipitated  with  car- 
bonate of  ammonia  in  conjunction  with  ammonia,  and  the  pre- 
cipitate allowed  twenty-four  hours  to  subside;  the  fluid  was  then 
filtered  off.  84.82  grammes  of  the  filtrate  left  0.0018  grm.  of 
Ca  0,  C0«.  One  part  of  carbonate  of  lime  requires  accordingly 
65246  parts  of  this  fluid  for  solution. 

28.  Deportment  of  carbonate  of  lime,  upon  ignition  in  a 
platinum  crucible.  (§  47.  b,) 

0.7955  grm.  of  perfectly  dry  carbonate  of  Ume  were  introduced 
into  a  small  and  thin  platinum  crucible,  and  exposed  to  the 
gradually  increased,  and  finally  most  intense  heat  of  a  good 
Berzelius  lamp.  The  crucible  was  open  and  placed  obliquely. 
(Plate  XXIX.)  After  the  first  fifteen  minutes  the  mass  weighed 
0.6482  grm., — afl»r  half  an  hour  0.6256  grm., — after  one  hour 
0.5927  grm.,  which  latter  weight  remained  unaltered  after  fifteen 
minutes'  additional  heating.  This  corresponds  to  74.5  per  cent., 
whilst  the  proportion  of  lime  in  the  carbonate  is  calculated  at  56 
per  cent.  A  considerable  proportion  of  the  carbonic  acid  evi- 
dently remained. 

24,  Composition  of  oxalate  of  lime,  dried  at  212°. 
{%  47.  c.) 

0.8510  grm.  of  pure,  thoroughly  dry  carbonate  of  lime  were  dis- 
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solved  in  hydroohloric  acid,  and  the  solution  was  sabseqnently  pre- 
cipitated with  oxalate  of  ammonia,  in  conjunction  with  ammonia; 
the  precipitate  was  collected  upon  a  tared  filter,  dried  at  212^  F. 
until  the  weight  ceased  to  vary.  The  oxalate  of  lime  thus  produced 
weighed  1.2461  grm.  Calculating  this  as  OaO,  CtO,  +  aq, 
the  amount  found  contained  0.4772  of  Ga  O^  which  corresponds  to 
56.07  per  cent  in  the  carbonate  of  lime ;  the  calculated  propor- 
tion of  lime  in  the  latter  is  56  per  cent. 

25.  Deportment  op  sulphate    of  magnesia  in  the  air 

AND   UPON   IGNITION.  (§  48.  a.) 

0.8135  grm.  of  perfectly  pure,  anhydrous  MgO,  SO,  in  a 
covered  platinum  crucible,  acquirer  on  a  fine  and  warm  June  day, 
in  half  an  hour's  time,  an  increase  of  weight  of  0.004  grm.,  and  in 
the  course  of  twelve  hours,  0.067  grm.  Exposed  to  the  air  in  the 
open  crucible,  the  salt  could  not  be  accurately  weighed,  owing  to 
the  continuous  increase  of  the  weight. 

0.8135  grm.,  exposed  for  some  time  to  a  very  faint  red  heat, 
suffered  no  diminution  of  weight ;  but,  after  five  minutes  exposure 
to  an  intense  red  heat,  they  were  found  to  have  lost  0.0075  grm., 
and  the  residue,  upon  re-solution,  in  water,  yields  no  longer  a 
clear  fluid. 

26.  Solubility  of  the  basic  phosphate  of  magnesia 
and  ammonia  in  pure  water.  (§  4s.) 

a.  Becendy  precipitated  basic  phosphate  of  magnesia  and  am- 
monia was  thoroughly  washed  with  water,  and  subsequently  digested 
for  twenty-four  hours  with  water  of  about  59^  F. ;  the  operation 
being  aided  by  frequent  agitation  of  the  mixture. 

84.42  grammes  of  the  filtrate  left  •  .     0.0047  grm. 

of  pyrophosphate  of  magnesia. 

b.  The  same  precipitate  was  digested  in  the  same 
manner  for  seventy-two  hours. 

84.42  grammes  of  the  filtrate  left  .     0.0043  grm. 

Average     0.0045  grm. 
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which  correspond  to  0.00652  grra.  of  the  anhydrous  double  salt. 
One  part  of  this  salt  dissolves  therefore  in  1 6298  parts  of  pure  water. 
The  cold  saturated  solution  yielded  with  ammonia,  after  the  lapse 
of  a  short  time,  a  clearly  perceptible  crystalline  precipitate; — 
treated  with  phosphate  of  soda,  it  remained  perfectly  clear,  and 
even  after  the  lapse  of  two  days  no  precipitate  had  formed  ;  phos- 
phate of  soda  and  ammonia  produced  a  precipitate  of  equal  bulk 
to  that  produced  by  ammonia. 

27.  Solubility  of  basic  phosphate  of  magnesia  and  am- 
monia IN  AMMONIATED  WATER.    (§  48.  b.) 

a.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  dis- 
solved in  the  least  possible  amount  of  nitric  acid,  and  a  large 
quantity  of  water  added  to  the  solution,  and  subsequently  ammo- 
nia in   excess.     The  mixture  was  allowed  to  stand  at  rest  for 
.  twenty-four  hours,  and  was  then  filtered ;  its  temperature  being 

57.2^  F.  84.42  grammes  of  the  filtrate  left  0  0016  gramme  of 
pyrophosphate  of  magnesia,  which  corresponds  to  0.00184  grm. 
of  the  anhydrous  double  salt.  Consequently  one  part  of  this  salt 
requires  46880  parts  of  ammoniated  water  for  solution. 

b.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  di- 
gested for  four  weeks  with  ammoniated  water,  the  operation  being 
aided  by  firequent  agitation  of  the  mixture ;  the  fluid  (temperature 
57.2''  F.)  was  then  filtered  ofi",  126.63  grammes  of  the  filtrate 
left  0.0024  gramme  of  the  pyrophosphate  of  magnesia,  which 
corresponds  to  0.00296  gramme  of  the  double  salt.  One  part  of 
this  double  salt  therefore  dissolves  in  42780  parts  of  anmio 
niated  water ;  taking  the  average  of  a.  and  b,,  one  part  of  the 
double  salt  required  44330  parts  of  ammoniated  water  for  solution. 

28.  Solubility  of  the  basic  phosphate  of  magnesia  and 

AMMONIA  IN  water  CONTAINING  AN  ADMIXTURE  OF  SAL  AMMO- 
NIAC. (§  48.  b.) 

Recently  precipitated,   thoroughly  washed  basic  phosphate  of 
magnesia  and  ammonia  was  digested  cold  with  a  solution  of  one 
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i  part  of  sal  ammomac  in  five  parts  of  water.     18.4945  grammes  of 

i  the  filtrate  left  0.002  grm.  of  pyrophosphate  of  magnesia,  which 

^  corresponds  to  0.00245  grm.  of  the  double  salt.     One  part  of  the 

salt  dissolves  in  7548  parts  of  the  fluid. 

29.  Solubility  of  the  basic  phosphate  of  magnesu  and 

AMMONIA  IN   water  CONTAINING   ADMIXTURES  OF  AMMONIA  AND 
SAL  AMMONIAC.   (§  48.  b.) 

Becently  precipitated,  thoroughly  washed  phosphate  of  mag- 
nesia and  ammonia  was  digested  cold  with  a  solution  of  one  part 
of  sal  ammoniac  in  seven  parts  of  ammoniated  water.  23.1288 
grammes  of  the  filtrate  left  0.0012  gramme  of  pyrophosphate  of 
magnesia,  which  corresponds  to  0.00148  grm.  of  the  double  salt. 
One  part  of  the  salt  requires  accordingly  15627  parts  of  this  fluid 
for  solution. 

80.  Solubility  of  pure  magnesia  in  water*  (§  48.  d.) 

a.  In  cold  water. 

Perfectly  pure,  well  crystallized  sulphate  of  magnesia  was  dis- 
solved in  water,  and  the  solution  subsequently  precipitated  with 
carbonate  of  ammonia  in  conjunction  with  caustic  ammonia ;  the 
precipitate  was  most  thoroughly  washed — (and  yet,  notwithstand- 
ing, it  retained  still  a  perceptible  trace  of  sulphuric  acid) — and 
subsequently  dissolved  in  pure  nitric  acid.  The  solution  (which 
contained  no  firee  acid)  was  then  again  precipitated  with  carbonate 
of  ammonia  in  conjunction  with  caustic  ammonia,  and  the 
precipitate  again  thoroughly  washed.  The  thus  prepared  per- 
fectly pure  basic  carbonate  of  magnesia  was  ignited  in  a  platinum 
crucible  until  the  weight  ceased  to  vary.  The  residual  pure  mag- 
nesia was  then  digested  cold  for  twenty-four  hours  with  dis- 
tilled water,  the  operation  being  aided  by  frequent  agitation  of  the 
mixture.  (The  distilled  water  was  perfectly  free  from  chlorine, 
and  left  no  fixed  residue  upon  evaporation.) 

a.  84.82  grammes  of  the  filtrate  were  cautiously  evaporated  in 
a  platinum    basin;    a  residue  remained   which,   after  ignition, 
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weighed  0.0015  gramme.     One  part  of  the  pure  magnesia  re- 
quires ......     56546 

parts  of  cold  water  for  solution. 

The  digestion  was  continued  for  forty^eight  hours 
longer,  when 

p.    84.82   grammes  of  the   filtrate  left  0.0016 
gramme.  One  part  of  the  magnesia  required  53012 

y.    84.82    grammes  of  the  filtrate  left   0.0015 
gramme.    One  part  required  .  .     66546 


On  an  average  55368 

The  cold  prepared  solution  of  magnesia  in  water  has  a  feeble 
yet  distinctly  alkaline  reaction,  which  is  most  perceptible  upon  ad- 
mixture of  very  faintly-reddened  tincture  of  litmus ;  the  alkaline 
reaction  of  the  solution  is  perfectly  manifest,  with  slightly- 
reddened  litmus  paper,  or  with  turmeric  or  georgina  paper,  when 
these  test-papers  are  left  for  some  time  in  contact  with  the 
solution. 

Alkaline  carbonates  fail  to  render  Hxe  solution  turbid,  even 
upon  ebullition.  Phosphate  of  soda  also  fails  to  impair  the 
clearness  of  the  solution,  but  upon  subsequent  addition  of  ammo- 
nia and  agitation  of  the  fluid,  the  latter  becomes  turbid,  and 
deposits  after  some  time  a  distinctly  perceptible  precipitate  of 
basic  phosphate  of  magnesia  and  ammonia. 

b.  In  hot  water. 

Upon  boiling  pure  magnesia  with  water,  a  solution  is  obtained 
which  comports  itself  in  every  respect  like  the  cold  prepared  solu- 
tion of  magnesia.  A  hot  prepared  solution  of  magnesia  does  not 
become  turbid  upon  cooling,  nor  does  a  cold  prepared  solution 
upon  ebullition.  84.82  grammes  of  hot  prepared  solution  of  mag^ 
nesia  left  0.0016  gramme  of  Mg  O. 

31.  Precipitation  of  alumina  by  ammonia,  &o.   (§  49.  a.) 
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a.  Ammonia  produces  in  neutral  solutions  of  alumina,  or  oi' 
alum,  gelatinous  precipitates  of  hydrate  of  alumina.  Upon  fur- 
ther addition  of  ammonia  in  considerable  excess,  the  precipitate 
rediasolves  gradually,  without  however  disappearing  altogether. 

2.  If  a  drop  of  a  dilute  solution  of  alum  is  mixed  with  a 
copious  amount  of  amitionia,  and  the  mixture  shaken,  the 
solution  appears  almost  perfectly  dear,  but,  after  standing  at 
rest  for  some  time,  slight  flakes  of  hydrated  alumina  separate. 

c.  If  a  solution  of  alumina,  mixed  with  a  copious  amount  of 
ammonia,  is  filtered,  and 

a.  The  filtrate  is  heated  to  boiling,  and  maintained  for 
some  considerable  time  in  a  state  of  ebullition,  flakes  *of 
hydrated  alumina  separate  gradually  as  the  excess  of  am- 
monia escapes. 

)3.  The  filtrate  is  mixed  with  solution  of  sal  ammoniac,  a 
very  perceptible  flocculent  precipitate  of  hydrate  of  alumina 
separates  immediately;  the  whole  of  the  hydrated  alumina 
present  in  the  solution  separates  if  the  sal  ammoniac  be  added 
in  sufficient  quantity. 

y.  The  filtrate  is  mixed  with  sesquicarbonate  of  ammonia, 
the  same  reaction  takes  place  as  in  /3. 

3.  The  filtrate  is  mixed  with  solution  of  chloride  of  sodium 
or  chloride  of  potassium,  no  precipitate  separates,  but  after 
several  daysV  standing,  slight  flakes  of  hydrated  alumina  sub- 
side, owing  to  the  decrease  of  ammonia  by  evaporation. 

d.  If  a  neutral  solution  of  alumina  is  precipitated  with  carbo- 
nate of  ammonia,  or  a  strongly  acidified  (with  hydrochloric  or 
nitric  acid)  solution,  with  pure  ammonia,  or  if  to  a  neutral  solu- 
tion, after  precipitation  with  ammonia,  or  sufficient  amount  of  sal 
ammoniac  is  added,  even  a  considerable  excess  of  the  precipitant 
will  fail  to  redissolve  the  precipitated  alumina,  as  appears  firom 
the  undisturbed  limpidity  of  the  filtrate  upon  continued  boiling 
and  evaporation. 
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32.  Precipitation  of  oxide  of  chromium  by  ammonia. 
(§  50.  a.) 

Solutions  of  protochloride  of  chromium  and  of  chrome  alum 
(both  concentrated  and  dilute,  neutral  and  acidified  with 
hydrochloric  acid,)  were  mixed  with  ammonia  in  excess.  The 
whole  of  the  filtrates  drawn  off  immediately  after  precipitation 
appeared  red,  but  when  filtered  after  previous  ebullition,  they  all 
became  colorless,  whenever  the  ebullition  was  continued  suffi- 
ciently long. 

33.  Solubility  of  the  basic  carbonate  op  zinc  in 
water  (§  51.  a.) 

Perfectly  pure,  recently  (hot)  precipitated  basic  carbonate  of 
zinc  was  heated  with  distilled  water,  and  subsequently  digested 
cold  for  many  weeks,  the  operation  being  aided  by  frequent  agi- 
tation of  the  mixture.  The  clear  solution  yielded  not  the  sUghtest 
precipitate  with  sulphuret  of  ammonium,  not  even  after  long 
standing. 

84.82  grammes  left  0.0014  gramme  of  oxide  of  zinc,  which 
corresponds  to  0.0019  of  basic  carbonate  of  zinc  (Zn  O  assumed 
=74  per  cent,  in  this  salt).  One  part  of  the  basic  carbonate 
requires  accordingly  44642  parts  of  water  for  solution. 

34.  Deportment  of  sdlphuret  op  nickel  with  sdlphuret 
of  ammonium,  &c.,  (§  53.  c.) 

A  dilute  solution  of  pure  protosulphate  of  nickel  and 
potass  was  mixed  with  a  very  slight  excess  of  colorless  hydro- 
bulphuret  of  ammonia,  perfectly  saturated  with  sulphuretted  hy- 
drogen. The  following  experiments  were  then  made  with  the 
precipitated  fluid. 

a.  One  portion  was  filtered  off  at  once.  The  filtrate  was  and 
remained  perfectly  clear  and  colorless. 

b.  Another  portion  was  digested  with  an  excess  of  colorless  and 
perfectly  saturated  hydrosulphuret  of  ammonia,  and 
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a.  Filtered  without  previous  application  of  heat.  The  fil- 
trate presented  a  hardly  perceptible  shade  of  yellow;  no 
precipitate  separated,  even  after  long  standing. 

P,  Filtered  after  previous  application  of  heat.    The  filtered 
fluid  exhibited  a  more  marked  shade  of  yellow,  and  deposited 
some  sulphuret  of  nickel  after  scTcral  days'  standing. 
c.  Another  portion  was  digested  with  an  excess  of  yellow  sul- 
phuret of  ammonium  (prepared  by  exposing  perfectly  saturated 
hydrosulphuret  of  ammonia  to  the  action  of  the  air).     The  fil- 
trate was  yellow  without  the  slightest  shade  of  brown ;  after  seve- 
ral days'  standing,  a  slight  precipitate  of  sulphuret  of  nickel  had 


d.  Another  portion  was  digested  cold  with  ammoniated  water* 
The  filtrate  presented  a  faint  brownish  tint 

e.  Another  portion  was  digested  with  ammonia  and  colorless 
hydrosulphuret  of  ammonia.  The  filtrate  was  of  a  distinct  light 
brown  color.  After  several  days'  standing  a  light  precipitate  of 
sulphuret  of  nickel  had  separated. 

/.  Another  portion  was  digested  with  ammonia  and  yellow  sul- 
phuret of  ammonium.  The  filtrate  was  likewise  of  a  brownish 
color,  and  comported  itself  like  the  filtrate  of  e. 

35.  Solubility  of  carbonate  of  lead.  (§  57.  a.) 

a.  In  pure  water. 

Becently  precipitated,  pure,  and  thoroughly-washed  carbonate 
of  lead  was  digested  for  eight  days  with  water  at  the  common  tem- 
perature, the  operation  being  aided  by  firequent  agitation  of  the 
mixture.  84.42  grammes  of  the  filtrate  were  evaporated,  some 
pure  sulphuric  acid  being  added  during  the  process ;  the  residual 
sulphate  of  lead  weighed  0.0019  gramme,  which  corresponds  to 
0.00167  gramme  of  carbonate  of  lead.  One  part  of  this  salt 
dissolves  therefore  in  50551  parts  of  water.  A  sample  of  the 
solution  was  mixed  with  sulphuretted  hydrogen  water;  it  re- 
mained perfectly  colorless,  not  the  slightest  coloration    being 
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detected,  even  upon  looking  through  it  from  the  top  of  the  test- 
cylinder. 

b.  In  water  containing  a  slight  admixture  of  acetate  of  am- 
mania,  and,  moreover,  carbonate  of  ammonia  and  pure  ammonia. 

A  highly  dilute  solution  of  pure  acetate  of  lead  was  mixed  with 
carbonate  of  ammonia  and  pure  ammonia  in  excess,  and  the  mix- 
ture gently  heated  and  allowed  to  stand  at  rest  for  several  days. 
84.42  grammes  of  the  filtrate  left,  upon  evaporation  with  a  little 
sulphuric  acid>  0.0041  gramme  of  sulphate  of  lead,  which  cor- 
responds to  0.0036  gramme  of  carbonate  of  lead.  One  part  of  this 
salt,  therefore,  requires  28450  parts  of  this  fluid  for  solution.  A 
sample  of  the  solution  was  mixed  with  sulphuretted  hydrogen 
water ;  wh^n  looking  through  the  fluid  from  the  top  of  the  cylinder, 
a  distinct  coloration  was  visible,  but  when  looking  through 
the  cylinder  laterally,  this  coloration  was  hardly  perceptible. 
Traces  of  sulphuret  of  lead  separated  after  the  lapse  of  some 
time. 

c.  In  water  containing  a  large  proportion  of  nitrate  of  am- 
monia in  admixture,  together  with  carbonate  of  ammonia  and 
caustic  ammonia* 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with 
nitric  acid,  and  subsequently  with  carbonate  of  ammonia  and 
caustic  ammonia  in  excess ;  the  mixture  was  gently  heated,  and 
allowed  to  stand  at  rest  for  eight  days.  The  filtrate,  when  mixed 
with  sulphuretted  hydrogen,  exhibited  a  very  distinct  brownish 
coloration,  upon  looking  through  it  from  the  top  of  the  cylinder, 
but  this  coloration  appeared  very  slight  only  when  looking 
through  the  cylinder  laterally.  The  amount  of  lead  dissolved 
was  unquestionably  more  considerable  than  the  quantity  dissolved 
in  b. 

36.  Solubility  of  oxalate  of  lead.  (§  57.  b.) 

A  dilute  solution  of  acetate  of  lead  was  precipitated  with  oxa- 
late of  ammonia  and  pure  ammonia,  and  the  mixture  allowed  to 
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stand  at  rest  for  some  time,  and  subsequently  filtered.  The  fil- 
trate, when  mixed  with  sulphuretted  hydrogen,  comported  itself 
exacdy  like  the  filtrate  of  35.  b.  The  same  deportment  was  ob- 
served in  another  similar  experiment,  in  which  nitrate  of  ammonia 
had  been  added  to  the  solution. 

37.  Solubility  op  sulphate  of  lead  in  pure  water. 
(§  57.  d.) 

Thoroughly  washed  and  still  moist  sulphate  of  lead  was  di- 
gested for  five  days  with  water,  at  a  temperature  of  from  50  to 
59°  F.,  the  operation  being  aided  by  frequent  agitation  of  the 
mixture.  84.42  grammes  of  the  filtrate  (filtered  off  at  51.8°  F.)  left 
0.0037  gramme  of  sulphate  of  lead.  Consequently  one  part  of 
this  salt  requires  22816  parts  of  pure  water  of  51.8°  F.  for 
solution. 

The  solution,  when  mixed  with  sulphuretted  hydrogen,  exhi- 
bited a  distinct  brown  color  when  looking  through  it  from  the 
top  of  the  cylinder,  but  this  coloration  appeared  very  slight  upon 
looking  through  the  cylinder  laterally. 

.S8.  Solubility  of  sulphate  of  lead  in  water  acidified 

WITH   SULPHURIC  ACID.    (§  57.  rf.) 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  an 
excess  of  dilute  pure  sulphuric  acid ;  the  mixture  was  very  gentiy 
heated,  and  the  precipitate  allowed  several  days  to  subside.  80.31 
grammes  of  the  filtrate  left  0.0022  gramme  of  sulphate  of  lead. 
One  part  of  this  salt  requires  36504  parts  of  water  acidified 
with  sulphuric  acid  for  solation.  The  solution,  when  mixed  with 
sulphuretted  hydrogen,  remained  colorless  when  looking  through 
the  cylinder  laterally,  and  very  little  darker  when  looking  through 
it  firom  the  top. 

39.  Solubility  of  sulphate  of  lead  in  water  contain- 
ing AMMONIACAL  SALTS  AND   FREE  SULPHURIC  ACit). 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  a 
tolerably  large  amount  of  nitrate  of  ammonia,  and  sulphuric  acid 

10 
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in  excess  added.  After  several  days'  standing,  the  mixture  was 
filtered.  The  filtrate  was  nearly  indifferent  to  sulphuretted  hy- 
drogen water,  .the  mixed  fluid  appearing  hardly  perceptibly  darker 
than  pure  water,  when  looking  through  it  from  the  top  of  the 
cylinder. 

40.  Deportment  of  sulphate  of  lead  upon  ignition. 
(§  40.  rf.) 

Speaking  of  the  determination  of  the  atomic  weight  of  sulphur, 
Erdhann  and  Marchand  (Journal  fui  Fraktische  Ghemie,  xxxi. 
page  385)  state  that  sulphate  of  lead  loses  some  sulphuric  acid 
upon  ignition.  To  test  the  correctness  of  this  statement,  and  to 
ascertain  in  how  much  this  loss  might  impair  the  accuracy  of  the 
method  of  determining  lead  as  a  sulphate,  I  heated  2,2151 
grammes  of  absolutely  pure  Pb  O,  S  O,  to  the  most  intense 
redness,  over  a  spirit-lamp  with  double  draught.  I  could  not 
perceive  the  slightest  decrease  in  the  weight  of  the  ignited  com- 
pound; at  all  events,  the  decrease  did  not  amount  to  0.0001 
gramme. 

41.  Deportment  op  solutions  op  lead  with  sulphuretted 
hydrogen.  (§  57./.) 

It  is  a  well  known  fact  that  solutions  of  lead  which  contain 
much  free  acid  are  not  precipitated  by  sulphuretted  hydrogen 
unless  diluted  with  water.  Triboulet  (Archives  de  Fharmacie 
xxix.,  page  234)  maintains  that  sulphuretted  hydrogen  fails 
to  precipitate  the  whole  of  the  lead  from  solutions  of  lead, 
mixed  with  solution  of  acetate  of  potass,  but  that  the  whole  of 
the  lead  present  precipitates  subsequendy  upon  addition  of  am- 
monia. To  test  the  correctness  of  this  statement,  I  added  to  a 
concentrated  solution  of  acetate  of  potass,  mixed  with  solution 
of  neutral  acetate  of  lead,  and  which  I  acidified  with  a  drop  of 
acetic  acid,  a.  sulphuretted  hydrogen  water  in  excess ;  b.  sulphu- 
retted hydrogen  gas  in  excess.  In  both  cases,  the  precipitation 
was  so  complete  that  the  filtrates  drawn  off  after  vigorous  agita- 
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tion  of  the  mixture  suffered  not  the  slightest  alteration  upon 
addition  of  ammonia  and  sulphuret  of  ammonium.  It  is  ceriainy 
therefore,  that  Triboulbt's  statement  is  erroneous,  and  probable 
that  this  error  was  caused  by  the  presence  of  iron  in  the  fluid 
upon  which  this  chemist  operated. 

42.  Deportment  of  metallic  mercury  at  the  common 
temperatdre,  and  upon  ebullmon  with  water.    (§  58.  a.) 

To  ascertain  in  what  manner  loss  of  metallic  mercury  occurs 
upon  drying,  and  likewise  upon  boiling  with  water,  and  to  deter- 
mine which  is  the  best  method  of  drying,  I  made  the  following 
experiments : 

I  placed  6.4418  grammes  of  perfectly  pure,  mercury  upon  a 
watch-glass,  poured  distilled  water  over  the  metal,  removed  the 
water  again  as  far  as  practicable,  (by  decantation,  and  subsequently 
by  means  of  blotting-paper,)  and  weighed.  I  found  the  weight  to 
be  6.4412  grammes,  which  after  several  hours'  exposure  to  the  air 
were  reduced  to  6.4411  grammes.  I  placed  these  6.44  L 1  grammes 
under  a  bell  jar  over  sulphuric  acid,  the  temperature  being 
about  62  or  68^  F.  After  the  lapse  of  twenty-four  hours,  the 
weight  had  not  altered  in  the  least.  I  introduced  the  6.4411 
grammes  of  mercury  into  a  flask,  poured  a  copious  quantity  of 
distilled  water  over  it,  and  boiled  the  mixture  for  fifteen  minutes* 
I  now  placed  the  mercury  again  upon  the  watch-glass,  dried  it 
most  carefully  with  blotting-paper,  and  weighed.  The  weight  was 
now  6.4402  grammes.  Finding  that  a  trace  of  mercury  had 
adhered  to  the  paper,  I  repeated  the  same  experiment  with  the 
6.4402  grammes.  After  fift;een  minutes  boiling  with  water,  the 
mercury  had  again  lost  0  0004  gramme.  The  remaining  6.4398 
grammes  were  exposed  to  the  air  for  six  days,  (during  summer, 
and  the  heat  being  considerable,)  after  which  they  were  foand  to 
have  lost  only  0.0005  gramme. 

43.  Deportment    of   bisulphuret    of    mercury    with 

p  p 


678  APPENDIX. 

POTASS,  8ULPHURRT  OF  AMMONIUM,  &c.  (§  58.  c,  wbefe  experi- 
ment 44  ia  referred  to,  by  Bii8take>  instead  of  43.) 

a.  Pure  potass  ley  fails  to  dissolve  the  slightest  trace  of  pure 
recently  precipitated  bisulphnret  of  mercury  upon  ebullition ;  the 
filtrate  yields  no  precipitate,  nor  exhibits  even  the  slightest  color- 
ation upon  addition  of  hydrochloric  acid. 

h.  If  bisulphuret  of  mercury  is  boiled  with  potass  ley  in  con- 
junction ifith  some  sulphuretted  hydrogen  water,  sulphuret  of 
ammonium,  or  sulphur,  complete  solution  is  effected. 

c.  Digestion  of  bisulphuret  of  mercury  with  sulphuret  of  ammo- 
nium (no  matter  whether  colorless  or  yellow)  fails  to  dissolve  the 
slightest  trace  of  the  bisulphuret — cyanide  of  potassium  equally 
fails  to  dissolve  bisulphuret  of  mercury.  Hydrochloric  acid 
produces  in  the  fluid  filtered  off  from  the  mixture  of  sulphuret  of 
ammonium  with  bisulphuret  of  mercury,  a  purely  white  turbidity 
or  a  white  precipitate,  and  in  the  fluid  filtered  off  from  a  mixture 
of  bisulphuret  of  mercury  and  cyanide  of  potassium,  this  acid  fails 
altogether  to  produce  the  slightest  turbidity  or  precipitate. 

d.  Thoroughly  washed  bisulphuret  of  mercury  moistened  with 
water,  suffers  no  alteration  upon  exposure  to  the  air;  at  all  events 
the  fluid  which  I  obtained  by  washing  peroxide  of  mercury  which 
had  been  thus  exposed  to  the  air  for  twenty-four  hours,  did  not 
manifest  acid  reaction,  nor  did  it  contain  mercury  or  sulphuric 
acid. 

44.    DePOBTMEMT      of     OXIDB    of     COPPER     UPON     IGNITION. 

(§  59.  a.) 

Pure  oxide  of  copper  (prepared  from  nitrate  of  copper)  was 
ignited  in  a  platinum  crucible,  subsequently  cooled  under  a  bell 
jar,  over  sulphuric  acid,  and  finally  weighed.  The  weight  was 
8.542  grammes.  These  8.5420  grammes  were  then  most 
intensely  ignited  for  five  minutes,  over  a  Berzelius  lamp, 
cooled  and  re-weighed,  when  the  weight  was  found  unaltered ;  the 
oxide  was  then  once  more  ignited  for  five  minutes,  but  with  the 
same  result. 
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45.  Deportment  of  oxide  of  copper  in  the  air. 
(§  59.  a,) 

A  platinum  cruoibla  containmg  4.8921  grammes  of  feebly  ignited 
oxide  of  copper  (prepared  from  the  nitrate)  was  placed  for  ten 
minutes  (coTered  with  the  lid)  in  a  warm  room  (in  winter) ;  the 
weight  of  the  oxide  of  copper  was  now  found  to  haye  increased  to 
4.8939  grammes. 

The  oxide  of  copper  was  then  intensely  ignited  over  a  spirit- 
lamp;  after  ten  minutes  standing  in  the  covered  crucible,  the 
weight  had  hardly  perceptibly  increased — after  twenty-four  hours 
it  had  increased  by  0.0086  gramme. 

46.  Deportment  of  sulphuret  of  cadmium  with  ammo- 
nia, &c.  (§  61.  c.) 

Pure  recently  precipitated  sulphuret  of  cadmium  was  diffused 
through  water,  and  the  following  experiments  were  made  with  the 
fluid. 

a.  One  portion  was  mixed  with  ammonia  in  excess,  and  the 
mixture  digested  cold  and  subsequently  filtered.  The  filtrate  re- 
mained perfectly  clear  upon  addition  of  hydrochloric  acid. 

b.  Another  portion  was  digested  hot  with  excess  of  ammonia, 
and  the  mixture  subsequently  filtered.  This  filtrate  Ukewise 
remained  perfectly  clear  upon  addition  of  hydrochloric  add. 

c.  Another  portion  was  digested  for  a  considerable  time  with 
solution  of  cyanide  of  potassium,  and  the  mixture  subsequently 
filtered.  This  filtrate  likewise  remained  perfectly  clear  upon 
addition  of  hydrochloric  add. 

rf.  Another  portion  was  digested  with  hydrosulphuret  of  am- 
monia, and  the  mixture  subsequently  filtered.  The  turbidity 
which  hydrochloric  acid  imparted  to  this  filtrate  was  of  a  pure 
white. 

(A  remark  made  by  Wackenroder,  in  Buchner's  Repertorium 
der  Pharmacie,  46,  page  S26,  induced  me  to  make  these  experi- 
ments.) 

p  p  2 
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47.  ESTIMATIN  OF  80DA  IN  SALTS  WITH  ORGANIC  ACIDS. 
(§  72.  4.) 

1.154  gramme  of  paratartxate  of  soda  yielded^  upon  intense 
ignition,  after  deduction  of  0.004  gramme  of  charcoal,  0.68 
gramme  of  Na  O,  C  O,,  which  corresponds  to  0.8698  of  Na  0=^ 
82.05  per  cent,  (calculated  82.14  per  cent.) ;  this  gives  99.7 
instead  of  100. 

48.  Estimation  of  barttes  by  precipitation  with  car- 
bonate OF  ammonia.    (§  74.  2.  a.) 

0.7558  gramme  of  pure  ignited  chloride  of  harium  were  prtei- 
pitated  according  to  §  74.  2.  a;  the  precipitate  of  Ba  O,  CO, 
weighed  0.7142  gramme,  which  corresponds  to  0.554719  gramme 
of  fia  0«»78.44  per  cent  (100  parts  of  Ba  CI  should  have  yielded 
78.59  parts.     The  result  accordingly  was  99.79  instead  of  100. 

49.  Estimation  of  babytbs  in  organic  salts.  (§  74.2.  b.) 

0.686  gramme  of  paratartrate  of  barytes  [2.  (B,  Ba  +  O.) 
+  5  aq.]  treated  according  to  §  74.  2.  b.,  yielded  0.408  gramme  of 
carbonate  of  barytes.  =»  0.8168986  of  Ba  O  =  46.20  per  cent 
(calculated  46.88  per  cent),  which  gives  99.61  instead  of  100. 

50.  Estimation  of  strontl^  as  sulphate  of  strontia. 
(§  75.  1.) 

a.  An  aqueous  solution  of  1.2898  grm.  of  Sr  CI  was  precipi- 
tated with  S  Os  in  excess,  and  the  precipitated  sulphate  of  strontia 
washed  with  water.  It  weighed  1.41 18  gramme,  which  corresponds 
to  0*795408  gramme  of  Sr  O  =  64.15  per  cent  (calculated  65.88 
per  cent) ;   this  gives  98.12  instead  of  100. 

b.  A  tolerably  dilute  solution  of  1.1510  gramme  of  Sr  O,  COt 
in  an  excess  of  hydrochloric  acid  was  precipitated  with  S  Osj  and 
the  precipitated  sulphate  of  strontia  washed  with  water.  It 
weighed  1.4024  gramme,   which  corresponds  to  0.79089  of  Sr  O 
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=  68.68  per  cent  (oalcutated  70.07  per  cent) ;  this  gives  08.02 
instead  of  100.00. 

51.  Estimation  of  strontia  as  sulphate,  with  cobbec- 
TION.    (§  75.  1.) 

The  fluid  filtered  off  in  the  experiment  described  at  50.  b., 
weighed  190.84  grammes.  According  to  experiment  No.  17., 
11862  parts  of  water  acidified  with  sulphuric  acid  dissolve  one 
part  of  sulphate  of  strontia.  190.84  grammes  of  the  filtrate 
contain  accordingly  0.0161  gramme  of  this  salt  in  solution. 
The  rinsing  water  weighed  63.61  grammes.  According  to  ex- 
periment No.  15.  6895  parts  of  water  dissolve  one  part  of  Sr  O. 
SO,;  the  68.61  grammes  of  the  rinsing  water  contain  there- 
fore 0.0092  gramme  in  solution. 

Adding  then  0.0 J  61  and  0.0092  gramme  to  the  1.4024  gramme 
of  precipitated  sulphate  of  strontia,  we  find  the  total  amount 
=  1.4277  gramme,  which  corresponds  to  0,80465  of  Sr.  O  = 
69.91  per  cent  in  Sr  O,  C  O,  (calculated  70.07  per  cent) ;  this 
gives  99.77  instead  of  100. 

52.  Estimation  of  strontia  as  carbonate  of  strontia. 
(§  75.2.) 

1.8104  of  chloride  of  strontium,  precipitated  accorduig  to 
§  75.2.;  yielded  1.2204  gramme  of  Sr  O,  CO,,  containing 
0.8551831  of  Sr  O  =  65.26  per  cent  (calculated  65.88),  which 
gives  99.82  instead  of  100. 

58.  Estimation  of  limb  as  sulphate  of  limb,  by  preci- 
pitation. (§  76.  1.  a.) 

(In  the  experiments  described  firom  58,  to  57,  chemically  pure 
air-dried  carbonate  of  lime  was  used,  in  a  portion  of  which  the 
amount  of  anhydrous  carbonate  had  been  determined  by  very 
cautious  heating.  0.7647  gramme  of  the  heated  carbonate  left 
0.7581  gramme,  which  weight  did  not  suffer  any  further  de- 
crease upon  the  carbonate  being  once  more  gently  ignited.    It 
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results  from  these  data  that  the  air- dried  carbonate  of  lime  which 
was  used  in  this  and  the  following  four  experiments,  contained 
65.516  per  cent,  of  lime.) 

1.186  gramme  of  the  said  air-dried  carbonate  of  lime  were 
dissolyed  in  hydrochloric  acid,  and  the  solution  was  subse- 
quently precipitated  with  sulphuric  add  in  conjunction  with 
alcohol.  (Vide  §  76.  1.  a.)  The  predpitaied  sulphate  of  lime 
weighed  1.5949  gramme,  corresponding  to  0.65598  of  Ga  O  «» 
55.81  per  cent,  (calculated  at  55.51),  which  gi^es  99.64  instead  of 
100. 

54.  Estimation  of  Ca  O  as  Ca  O,  CO,,  by  pbecipitation 

WITH  CARBONATE  OF  AMMONIA  AND  BCJBSBQUBNT  WASHING  OF 
THE   PRECIPITATE  WITH  PURE  WATER.      (§  76.  2.  a.) 

A  solution  of  1.1487  gramme  of  the  air-dried  carbonate  of  lime 
of  53  in  hydrochloric  acid,  yielded  upon  precipitation  with  car- 
bonate of  ammonia  (vide  §  76.  1.  a.)  1.1248  gramme  of  anhydrous 
carbonate  of  lime,  corresponding  to  0.62d608  of  Ca  O  =»  55.05 
per  cent,  (calculated  55.51  per  cent.,  which  giyes  99.17  instead 
of  100. 

55.  Estimation  of  Ca  O  as  Ca  0,  CO,,   by   pRsciprrATiON 

WITH  OXALATE  OF  AMMONIA  FROM  AL&AUNE  SOLUTIONS.  (§  76. 
2.  b.  a.) 

1.1784  gramme  of  the  air-dried  carbonate  of  lime  of  58,  dis- 
solved in  hydrochloric  acid,  and  treated  as  stated  at  §  76.  2.  h.  a., 
yielded  1.1682  gramme  of  Ca  O,  CO,  (reaction  non-alkaline), 
containing  0.651892  of  Ca  O  =«  55.518  per  cent  (calculated 
55.516  per  cent.),  which  gives  99.99  instead  of  100. 

56.  Estimation  of  lime  as  oxalate.    (§  76.  2.  b,  a.) 
0.857  gramme  of  the  air-dried  carbonate  of  lime  of  53,  were 

dissolved  in  hydrochloric  acid,  the  solution  was  precipitated  with 
oxalate  of  ammonia  in  conjunction  with  ammonia,  the  precipitate 
washed,  and  subsequently  dried  at  212°  until  the  weight  ceased 
to  vary.      The    precipitate  (Ca   0,    6  +    aq.   weighed   1.2461 
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gramme^  correepondiBg  to  0.477879  of  Oa  O  =  55.76  per  cent, 
(calculated  55.516  per  cent),  which  gives  100.45  instead  of  100. 

57.  Estimation  of  Ca  O,  as  Ca  0,  COj  by  precipitation 
AS  Ca  O^  O,  FBOM  ACID  SOLUTION.      (§  76.  2.  b.  p.) 

0.857  gramme  of  the  dry  carbonate  of  lime  of  53.,  dissolved 
in  hydrochloric  acid  and  precipitated  from  this  solution  according 
to  §  76.  2.  b.  p.y  yielded  0.8476  gramme  of  carbonate  of  lime, 
(which  did  not  manifest  alkaline  reaction,  and  the  weight  of  which 
did  not  vary  in  the  least  upon  evaporation  with  carbonate  of 
ammonia,)  corresponding  to  0.474656  of  Ca  0  =  55.39  percent, 
(calculated  55.51)  which  gives  99.78  instead  of  100. 

58.  Estimation  of  Magnesia  as  2  Mg  O,  PO5.    (§  77.  2.) 

a,  A  solution  of  1.0587  gramme  of  pure  anhydrous  sulphate  of 
magnesia  in  water,  yielded  upon  precipitation,  according  to  §  77. 
2.  0.9834  of  pyrophosphate  of  magnesia,  containing  0.8606128  of 
magnesia  =  84.06  per  cent,  (calculated  34.01  percent.),  which 
gives  100.14  instead  of  100.00. 

b,  0.9672  gramme  of  sulphate  of  magnesia  yielded  0.8974  pyro- 
phosphate of  magnesia  =  34.02  per  cent,  of  magnesia  (calculated 
34.01  per  cent.)  whidh  gives  100.03  instead  of  100. 

59.  Estimation  of  magnesia  in  salts  with  organic  acids 
BY  ignition.     (§  77.  3.  a.) 

1.0965  of  paratartrate  of  magnesia  (Mg  O,  B  +  5  aq.),  treated 
according  to  §  77.  3.  a.,  yielded  0.171  of  Mg  O  =  15.59  per 
cent,  (calculated  15.69  per  cent),  which  gives  99.36  instead  of 
100.00. 

60.  Precipitation  of  acetate  of  zinc  with  sulphuretted 

HYDROGEN.      (§  80.  b,) 

a.  A  solution  of  pure  acetate  of  zinc  was  treated  with  sulphu- 
retted hydrogen  in  excess,  and  the  mixture  allowed  to  stand  at 
rest  for  some  time,  and  subsequently  filtered.  The  filtrate  was 
mixed  with  ammonia ;    it  remained  perfectly  clear  at  first,  and 
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even  after  long  standiDg,  a  few,  hardly  visible  flakes  only  had 
separated. 

b,  A  solution  of  acetate  of  zino  to  which  a  tolerably  large 
amount  of  aoetio  acid  had  been  added  previously  to  the  precipi- 
tation with  sulphuretted  hydrogen,  presented  exactly  the  same 
deportment. 

61.  Estimation  of  mercury  as  metal  in  the  humid  way 
by  means  of  protochloride  of  tin.    (§  89.  1.  b.) 

2.01  grammes  of  perchloride  of  mercury  yielded  1.465 
gramme  of  metallic  mercury  =  72.88  per  cent,  (calculated  73.88  per 
cent.),  which  gives  98.71  instead  of  100.    (Schaffner.) 

62.  Precipitation  of  nitrate  of  bismuth  by  means  of 
carbonate  of  ammonia.     (§  91.  1.  a.) 

If  a  solution  of  nitrate  of  bismuth,  no  matter  whether  containing 
much  or  little  free  nitric  acid,  is  mixed  with  water,  subsequently 
precipitated  with  carbonate  of  ammonia  and  caustic  ammonia, 
and  filtered  without  applying  heat,  the  filtrate  turns  blackish 
brown^  upon  addition  of  sulphuretted  hydrogen  water.  But  if  the 
mixture  before  filtering  is  heated,  for  a  short  time,  nearly  to  boil- 
ing, sulphuretted  hydrogen  fails  to  impart  this  coloration  to  the 
filtrate,  or,  at  all  events,  the  brownish  tint  is  so  little  apparent,  that 
it  can  hardly  be  perceived  when  looking  through  the  fluid,  from 
the  top  of  the  test-tube,  although  the  latter  be  filled  to  the  brim. 

63.  Estimation  of  phosphoric  acid  as  pyrophosphate  of 
magnesia.    (§  101. 1,  b.) 

In  the  following  experiments  I  used  perfectly  pure  air-dried 
crystallized  phosphate  of  soda,  of  which  I  had  most  carefully 
determined  the  amount  of  water  by  heating  and  ignition. 

1.3123  gramme  of  the  substance  left  0.4899  gramme  of  pyro- 
phosphate of  soda.  This  shows  a  percentage  amount  of  water  =: 
62.67.  The  formula  2  Na  O,  HO,  PO5  4-  24  aq.  requires  62.71 
per  cent. 
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a.  1.9847  gramme  of  the  air-dried  crystallized  phosphate  of 
soda  was  dissolved  in  water,  and  the  solution  subsequently  pre- 
cipitated, (according  to  §  101. 1,  h)  with  sulphate  of  magnesia, 
sal  ammoniac,  and  ammonia.  The  precipitate  was  thoroughly 
washed  with  ammoniated  water.  It  yielded,  after  ignition  and 
after  deducting  for  the  filter  ashes,  0.6886  gramme  of  pyro- 
phosphate of  magnesia,  which  corresponds  to  0.8945828  of 
phosphoric  acid.  This  shows  the  amount  of  phosphoric  acid 
in  the  crystallized  phosphate  of  soda=s  19.87  per  cent; — the 
above-given  formula  demands  19.9 — and,  corrected  upon  the 
amount  of  water  found,  19.91  per  cent. 

h,  8.0676  grammes  of  the  same  crystallized  phosphate  of  soda 
were  dissolved  in  water  ;  the  solution  was  mixed  with  hydrochloric 
acid  and  subsequently  with  perchloride  of  iron  and  solution  of 
alum,  tartaric  acid  was  then  added,  and  finally  ammonia  until  th& 
precipitate  which  had  formed  at  first,  was  completely  re-dissolved. 
The  mixture  was  then  precipitated  with  sulphate  of  magnesia,  and 
allowed  to  stand  at  rest  for  twelve  hours,  when  it  was  filtered  and 
the  precipitate  washed  with  ammoniated  water,  so  thoroughly  that 
a  drop  of  the  last  rinsings  left  not  the  slightest  residue  upon 
evaporation  on  a  platinum  plate ;  and  yet  nevertheless  I  did  not 
succeed  to  get  the  precipitate  so  white  as  it  ought  to  have  been ; 
but  it  retained  to  the  end  a  faint  shade  of  yellow,  and  turned  upon 
ignition  slightly  blackish  throughout  the  whole  mass.  It  weighed, 
after  deduction  of  0.0026  gramme  filter  ashes,  0.9786  gramme, 
which  corresponds  to  0.6181  of  phosphoric  add  »»  20.14  percent, 
(calculated  19.91  per  cent.)  The  0.28  per  cent  surplus,  was 
owing  to  the  presence  of  a  trace  of  charcoal  and  a  minute  amount 
of  peroxide  of  iron ;  the  charcoal  separated  subsequently  upon  the 
solution  of  the  residue  in  hydrochloric  acid;  the  peroxide  of  iron 
was  detected  distinctly  in  the  solution  upon  testing  with  sulpho- 
cyanide  of  potassium. 

64.  Sbpabation  of  maonbsia  fbom  soda.    (§  116.  a.) 

1.1864  gramme  of  pure  ignited  chloride  of  sodium,  and 
1 .4252  gramme  of  pure,  anhydrous  sulphate  of  magnesia  were 
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dissolred  in  water^  die  Bolataon  mm  heated  to  211^  F.,  and  mixed 
with  water  of  bory  tea  in  excess.  The  fluid  \na  filtered  off  from  the 
precipitate  formed,  and  the  excess  of  barytes  removed  from  the 
filtrate  by  means  of  carbonate  of  ammonia.  The  filtrate  was  then 
evaporated  with  sulphuric  aoid  :  it  yielded  1.4871  gramme  of 
neutral  sulphate  of  soda,  whidi  corresponds  to  0.4694  of  sodimn. 
The  precipitate  produced  by  the  water  of  barytes,  was  washed,  and 
subsequently  heated  with  dilute  hydrochloric  add ;  the  scdution 
was  filtered  off  from  the  undissolved  sulphate  of  barytes  and  the 
filtrate  subsequently  evaporated  in  conjunction  widi  sul^hnrie  aoid 
(upon  the  addition  of  which  a  smill  prec^attste  of  sulphate  of 
barytes  separated).  The  gently  ignited  vesidne  weighed  1.4308 
gramme.  This  was  treated  with  water,  and  the  undissolved  sul- 
phate of  barytes  filtered  off  and  weighed ;  its  weight  was  0.0889 
gramme.  Thus  there  xemained  for  sulphate  of  magnesia  L4d08 
gramme  which  corresponds  to  0.48668  of  Mg  O. 

This  gives  in  100  parts  of  the  mixture, 
found  calculated 

Na  17-84  17.86 

MgO  18.63  18.06 

Now,  although  these  nimibers  correspond,  yet  the  result  of 
the  analysis  would  have  been  more  satis&ctory  still,  had  the 
amount  of  magnesia  found  been  somewhat  deficient,  and  that  of 
sodium  somewhat  too  high.  From  the  results  which  I  obtained,  I 
was  led  to  conclude  that  -the  precipitate  by  the  water  of  barytes  had 
not  been  thoroughly  washed^  and  I  was  indeed  able  to  detect 
the  presence  of  a  trace  of  soda  in  the  separated  sulphate  of 
magnesia. 

65.  Sepabatiom  of  barttbs  fbom  stbontu,  by  means  of 
htdbofluosilicxc  acid.    (§  117.  1.) 

1.9676  gramme  of  carbonate  of  strontia,  and  1.5202  gramme 
of  chloride  of  barium  were  dissolved  in  hydrochloric  acid  and 
water,  and  the  two  bases  were  subsequently  separated  from  one 
another,  according  to  ^  117.  1. 
6 
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X  The  results  obtained  were ;  2M)9  grammas  of  Sr  O,  80,,  and 

!  2.141  grammes  of  Ba  Fl,  Si  Fl.. 

I  From  these  data  results  as  the  percentage  amount  of  barytes  and 

:  stronda  contained  in  the  above  mixture : 

I  Synthesis.                             Analysis. 

c  SrO     89.56                              88.81 

I  BaO    32.85                              88.55 

t  Itirill  be  seen  at  one  glance  that  the  result  would  have  been 

1  more  accurate  had  the  rinsings  of  the  silioofluoride  of  barium  been 

I  longer  continued.    But  we  possess  no  means  of  hitting  the  right 
point  in  this  respect.    In  the  present  instance  the  fluid  filtered  off 

I  from  the  silioofluoride  of  barium  weighed  177  grammes,  and  the 

I  total  amount  of   the  rinsing  water,   54  grammes*      These   54 

i  grammes  were  accordingly  not  sufficient  for  the  thorough  rinsing  of 

I  a  precipitate  of  2  grammes  weight. 

66.  Separation  of  barttes  from  strontu  by  alcohol. 
(§  117.  1.) 

0.6858  gramme  of  pure  chloride  of  barium  and  0.697  gramme 
of  pure  chloride  of  strontium  were  mixed  and  the  finely  levigated 
mixture  was  introduced  into  a  bottle  provided  with  a  glass  stop- 
per, and  digested  for  twenty-four  hours,  at  the  common  tempera- 
ture, with  100  grammes  of  alcohol  of  97  per  cent.,  the  operation 
being  aided  by  frequent  agitation  of  the  mixture.  The  mixture 
was  then  filtered,  and  the  undissolved  residue  gradually  washed 
with  70  grammes  of  alcohol  of  the  same  strength.  Both  bases 
were  now  converted  into  sulphates  and  weighed  as  such.  The 
weight  of  the  sulphate  of  stnmtia  was  0.728  gramme,  thsit  of  sul- 
phate of  barytes,  0.888  gramme. 

From  these  data  results  as  the  p^oentage  amount  of  barytes 
and  Btrontia  contained  in  Aie  above  mixture : 

Synthesis.  Analysis. 

BaO  .  .  86.49         ....      39.61 
Sr  O    .  .  82.94         ....      29.70 
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67.  Experiments  in  alkalimetry  (to  page  859.) 

Althougli  the  little  work  on  alkalimetry,  chlorimetry,  and  acidi- 
metry,  published  by  Professor  Will  and  myself,  contains  compa- 
ratiye  experiments  upon  the  respective  efficiency  and  preciseness  of 
the  two  alkalimetrical  methods,  yet  I  will  communicate  here   the 
results  of  seyeral  experiments  made  by  my  pupils  during  a  prac- 
tical course    of   analytico-technical   investigations,   since  th^e 
results  will  tend  to  show  the  extent  of  the  deviations  likely  to 
occur  in  alkalimetrical  experiments. 

a.  Potash  made  from  husks  of  grapes  was  examined  by  G-at- 
LusBAc's  method ;  the  results  of  eight  experiments  were  respec- 
tively : 

81  _  81  —  80.5  —  81.  —  81  —  80.4  —  88  —  81. 

b.  Pure  carbonate  of  soda  was  examined  by  Fresenius 
and  Will's  method ;  the  results  of  five  experiments  were  respec- 
tively : 

100.5  —  100.0  —  100.2  —  100.5  —  99.5. 

c.  A  SODA  OF  COMMERCE  was  examined  by  the  same  method  ; 
the  results  of  four  experiments  were  respectively : 

Hydroscopic  tDcUer.  After  ignition. 


Tiabex 

Na  0,  0  0, 

NaO 

NaO.OO.+NaO 
assumed 
as  Na  0,  C  0, 

19.9     . 

.     .  78.7     .     . 

.  6.8 

.     .     .     .     90.2 

19.8    . 

.     .  81.6    .     . 

.  6.0 

.     .    .    .     90.2 

20.8    . 

.     .  79.6     .    . 

.  6.2    , 

.     .    .     .     90.8 

19.6    . 

.     .  80.0    .     . 

.  6.9     . 

...     90.0 

The  percentage  amount  of  Na  O,  OOi  (Na  0  being  likewise 
calculated  as  Na  0,  0  Ot)  contained  in  the  examined  commercial 
soda  was  accordingly : 

72.25  —  72.84  —  71.96  —  72.36. 
d*   The  same  sort  of  boda  was  examined  by  Gat-Lussac's 
method ;  the  results  of  five  experiments  were  respectively : 
78.0  —  72.7  —  73.0  —  73.0  —  73,0. 
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68.  Note  to  '*  COMBUSTION  OP  OROANIC  SUBSTANCES  WITH  OXIDE 
OF  COPPER  AND  CHLORATE  OP  POTASS."   (§  142.  hb.) 

Absolutely  dry  oxygen  gas  was  transmitted^  for  a  short  time, 
through  a  potass  apparatus  filled  "with  potass  ley  of  1.27  specific 
gravity^  and  at  the  anterior  end  a  small  tube  containing  hy- 
drated  potass  was  attached ;  the  excels  of  oxygen  was  subse- 
quently withdrawn  from  the  apparatus  by  suction.  The  bulb 
apparatus  and  potass  tube  had  been  weighed  separately  before 
the  operation.  After  the  termination  of  the  experiment^  the 
weight  of  the  potass  apparatus  had  increased  by  0.0048  grm.» 
that  of  the  potass  tube  by  0.0029  grm.  The  potass  ley  had  ac- 
cordingly absorbed  0.0077  grm.  of  oxygen,  and  yielded  0.0029 
grm.  of  water. 


n.  TABLES  FOR  THE  CALCULATION  OF  ANALYSES. 

TABLE  L 

EqUIVALENTB  of  THE   ELEMENTS  WHICH  OCCUR  IN  THE  PRESENT 
WORK.    (0=100.)* 

Aluminium^  a  Al  170.42  (Berzelius) 

Antimony  Sb  1612.90            „ 

Arsenic,  b  As  986.48            ,, 

Barium,  c  Ba  854.85            ,, 

*  The  equivalent  nnmben  given  in  Uus  table  have  been  calculated  from 
the  best  and  meet  precise  investigations  made  both  at  former  periods  and 
recently.  The  equivalents  of  many  substances,  differ  finom  those  which  were 
formerly  adopted,  although  no  investigations  have  been  recently  made  upon 
them.    These  equivalents  are  derived  from  others  which  have  been  eorperi- 
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Bismuth^  d 

Bi 

2660.76 

(Lagerhjelm) 

Boron,  e 

B 

136.81 

(Berzelius) 

Bromine 

Br 

999.63 

(Marignac) 

Cadmium 

Cd 

696.T7 

(Stromeyer) 

Calcium 

Ca 

250.00 

(Dumas.  Erdmann  and 
Marchand) 

Carbon 

C 

75.00 

>> 

Chlorine 

CI 

443.20 

(Marignac) 

Chromiimi,/ 

Cr 

849.83 

(Berzelius) 

Cobalt,  y 

Co 

868.44 

(Rotho£F) 

Copper, 

Cu 

896.00 

(Erdmann  and  Marchand) 

Fluorine,  h 

Fl 

235.71 

(Berzelius) 

Gold,  f 

An 

2456.72 

» 

Hydrogen 

H 

12.50 

(Dumas) 

Iodine 

I 

1585.57 

(Marignac) 

Iron 

Fe 

850.00 

(Erdmann  and  Marchand) 

Lead 

Ph 

1294.50 

(Berzelius) 

lithium,  k 

L 

81.85 

tt 

Magnesium,  / 

Mg 

157.75 

i> 

k 

Manganese,  m 

Mn 

844.44 

99 

Mercury 

Hg 

1250.90 

(Erdmann  and  Marchand) 

Nickel,  n 

Ni 

869.14 

(Bothoff) 

Nitrogen 

N 

175.25 

(Marignac) 

Oxygen 

0 

100.00 

Palladium,  o 

Pd 

662.54 

(Berzelius) 

Phosphorus,  J9 

P 

891.55 

$i 

Platinum,  q 
Potassium 

Pt 
E 

1233.50 
488.94 

9» 

(Marignac) 

mentally  corrected.  It  became  necessary,  therefore,  to  re-calcolate  the  re- 
sults of  the  original  experiments  upon  the  corrected  equivalent  numbers. 
I  hare  done  this,  and  I  add  the  necessary  explanations  subsequently  by 
way  of  appendix ;  the  small  letters  by  the  side  of  the  elements  in  question 
refer  to  these  explanations.  The  names  of  the  chemists  who  have  furnished 
the  analytical  results  are  likewise  stated. 
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5di 


Silicon,  r 

Si 

184.88 

(Berzelitts) 

Silver 

Ag 

1349.01 

(Marignao) 

Sodium 

Na 

287.17 

(Pdonze) 

Strontiam,  « 

Sr 

545.60 

(Stromeyer) 

Sulphur 

S 

200.00 

(Erdmann  and  Marohand) 

Tin 

Sn 

785.80 

(Beraelius) 

Zinc 

Zn 

406.59 

(Axel  Erdmann) 

Explanations  of  the  pobegoino  table. 

a.  Equivalent  of  aluminium. 

100  parts  of  anhydrous  sulphate  of  alumina  left^  after  expul- 
sion of  the  acid  hy  intense  ignition,  29.934  parts  of  alumina. 
Gonsequendy,  100  parts  of  sulphuric  acid  are  saturated  by  42.7227 
parts  of  alumina  (Berzelius). 

100  :  42.7227  :  :  1500  (3  equ.  of  SO.)  :  x 
X  (equivalent  of  Al.  O,)  =  640.8405 
640.8405  —  800  »         840.8405  (2  Al) 

8^0,8405  _         ^^^^^ 

2 

h.  Equivalent  of  arsenic. 

2.208  grammes  of  arsenious  acid  yielded,  upon  being  heated 
i^ith  sulphur,  1.069  grm.  of  S  O,,  which  corresponds  to  0.5345 
O  (Berzelius).  2.203  grammes  of  As  Oa  consist  accordingly  of 
0.5345  O  and  1.6685  As. 

5845  :  16685  :  :  300  :  x 
X   =  936.48 
(Pelouze  (Oomptes  Bendus  xx.,  page  1047)  found,  by  pre- 
cipitation of  protoohloiide  of  arsenic  with  solution  of  nitrate  of 
silver,  987.5.) 


£?.  Equivalent  of  barium. 

lOOofBaCl  yielded  in  two  experiments  respectively  188.06 
and  188.08  of  Ag  Gl.    Mean  188.07  (Berzelius). 
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138.07  :  100  :  :  1792.21  (equ.  of  AgCl)  :  x 

X  ^  1298.05 
1298.05  —  443.20  (equiyalent  of  chlorine)  =  854.85 
(Pelouze  (Comptes  Bendus  xx.,  page  1047)  found  858.01. 
The  results  obtained  by  Berzelius  correspond  so  perfectly  in  the 
two  experiments  quoted,  and  correspond,  moreover,  so  accurately 
with  two  other  experiments  in  which  the  Ba  CI  was  converted  into 
Ba  0,  S  Os  (and  which  gave  as  equivalent  856.08)  that  their  ac- 
curacy cannot  be  questioned. 

d.  Equivalent  of  bismuth. 

The  equivalent  number  2660.75  is  based  upon  the  assumption 
that  the  composition  of  oxide  of  bismuth  is  Bi  O,. 

e.  Equivalent  of  boron. 

100  of  borax  (Na  O,  2  B  0,  + 10  aq.)  yielded  in  three  experi- 
ments, without  deviation,  47.1  per  cent  of  water  (Berzelius). 
47.1  :  100  :  :  1125.0  (10  equ.  of  H  O)  :  ar 
X    =   2888.58 
2388.53  —  2115.90  (viz.  the  sum  of  one  equivalent  of  Na  O  = 
890.9,  10  equivalents  of  HO  «=  1125.0,  and  six  equivalents  of 
O=s600)=272.63. 

?I?:52  =  136.81 


f.  Equivalent  of  chromium. 

100  of  Pb  O,  N  0,   yielded   98.772  Pb   O,  Cr  O,   (Bbrze- 

LIUS). 

100  :  98.772  :  :  2069.75  (equ.  of  Pb  O,  NO,)  :  x 
X    =     2044.333  (equ.  of  Pb  O.  Cr  0,). 
2044.333  —  1694.5  (viz.  the  sum  of  one  equivalent  of  Pb  O 
=  1394.5  and  three  equivalents  of  0=300)  =349.833. 

g.  Equivalent  or  cobalt. 

269.2  parts  of  Co  O,  converted  into  neutral  protochloridd  and 
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precipitated  subsequently  with  nitrate  of  silver,  yielded  1029.9 
parts  of  Ag  CI  (Rothoff). 

1029.9  :  269.2  :  :  1792.21  (equivalent  of  Ag  CI)  :  x 
X       =    468.44  (equivalent  of  Co  0). 
468.44  —  100.00  =  368.44. 

*.  Equivalent  of  fluorine. 

100  parts  of  Ca  Fl  yielded  in  three  experiments  respectively 
174.9  —  176.0  —  and  175.1  of  Ca  O,  S  0,.     Mean  175  (Bbr- 

ZELIUS). 

175  :  100  :  :  850  (equivalent  of  Ca  0,  S  O,)  :  x 

X    =  485.71  (equivalent  of  Ca  Fl). 
485.71  —  260.00  =  236.71 

I.  Equivalent  of  gold. 

142.9  parts  of  mercury  precipitate  from  perchloride  of  gold, 
(Au  CU,)  93.56  of  gold  (Berzelius). 

142.9  :  93.66  :  :  8762.7  (3  equivalents  of  Hg)  :  x 
X     =  2456.72 

k.  Equivalent  of  lithium. 
1.874  grm.  of  Li  O,  SO,  yielded  8.9986  grm.  of  Ba  0,  SO, 
(Berzeuus). 

8.9986  :  1.874  :  :  1464.86  (equivalent  of  Ba  O,  S  0,)  :  x 
X     =     681.86 

681.86  —  600  (viz.  the  sum  of  one  equivalent  of  SO,=600^ 
and  1  equivalent  of  O  =100)  =  81.86. 

Berzelius'  other  experiment,  in  which  4.4646  grammes  of 
fused  Li  O,  C  0,  yielded  6.658  grammes  of  Li  0,  S  0„  tallies 
tolerably  well  with  the  preceding  experiment  (basing  the  calcula* 
tion  upon  the  above  deduced  equivalent  =»  81.86^  the  result 
ought  to  have  been  6.648  grammes  of  Id  O,  S  O,).  Since  the 
method  pursued  in  the  first  experiment  admits  of  greater  pre- 
ciseness  than  that  pursued  in  the  other  experiment,  I  deemed 
it  preferable  to  calculate  the  equivalent  from  the  results  of  the 
first  experiment  alone. 

Q  Q 
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/.  Equivalent  op  magnesium. 

100  of  Mg  O  yielded  293.986  of  Mg  O,  S  O,  (Berzelius). 

193.985  :  293.^85  :  :  500  (equivalent  of  S  0,)  :  x 

X    =  757.74  (equivalent  of  Mg  0,  S  O,) 
757.76  —  600  (viz.  the  sum  of  one  equivalent  of  S  O,  =  500, 
and  one  equivalent  of  O  =  100)  =  157.76. 

m.  Equivalent  of  manganese. 

a.  4.20775  of  Mn  01  yielded  9.575  of  Ag  CI       \^ 
J.  3.063  of  Mn  CI  „       6.96912  of  Ag  CI    J 

ad.  a.)  9.675  :  4.20776  :  :  1792.21  (equ.ofAgOl)  'x 
X    =     787.69  (equ.  of  Mn  CI) 
787.69  —  443.20  (equ.  of  CI)  =  844.89 
ad.  i.)  6.96912  :  8.063  :  :  1792.21  :  x 

X      =     787.69 
787.69  —  443.20      =  844.49 

Mean  of  344.39  and  344.49  =  344.44. 

n.  Equivalent  of  nickel. 

188  of  NiO,  converted  into  neutral  protochloride,  yielded  718.2 
ofAgCl(Rothoflf). 

718.2  :  188  :  :  1792.21  (equ  of  Ag  CI)  :  x 
X    «    469.14  (equ.  of  NiO) 
469.14—100  =    869.14 

o.  Equivalent  of  palladium. 

2.606  grammes  of  (E  Cl+Fd  CI)  yielded  0.563  gramme  of 
chlorine, — 0.851  grm.  of  palladium, — and  1.192  grm.  of  clxloride 
of  potassium  (Bebzelius). 

1.192  :  2.606  :  :     982.14  (equ.  of  K  CI)  :  x 

X    =  2037.88  (equ.  of  [K  Cl+Pd  CI]). 
2037.88—1375.34  (viz.  the  sum  of  one  equ.  of  K  C1«=:9S2.14, 
and  one  equ.  of  chlorine  «=  448.20)  =  662.1^4. 
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p.  Equivalent*  OF  phosphorus. 

100  parts  of  phosphorus  absorbed  127.45  parts  of  oxygen  (cal- 
culated from  the  reduced  silTer)  Berzslius. 
100  (equ.  of  0)  :  1351.61  (equ.  of  Ag  which  Berzelius  assumed) 

:  :     127.65  O  :  x 
X  =  1722.627  Ag 
1722.627  of  silver  must  accordingly  have  been  precipitated  in 
Berzelius*  experiment^   and  these  correspond  (oaloulated  upon 
1349.01  as  equivalent  of  Ag)  to  127.695  O;  for 

1849.01  :  100  :  :  1722.627  :  127.095 

127.695  :  100  :  :  500  (5  equ.  of  O)  :  ar 
X     =  391.56 
Pelouze  (Comptes  Rendus  xx.,  page  1047)  found,  by  precipi- 
tation of  protocbloride  of  phosphorus  with  solution  of  nitrate  of 
silver,  400.3  as  the  equivalent  of  phosphorus. 

I  have,  however,  based  my  calculation  upon  the  results  of  Berze- 
lius' experiment,  since  the  method  pursued  by  Pelouze  might  be  less 
accurate  than  that  adopted  by  Berzelius,  considering  the  nature 
of  the  analysed  phosphorus  compound. 

q.  Equivalent  of  platinum. 

6.981  grammes  of  EGl+PtCl,  yielded  2.024   grammes  of 
chlorine,  (which  were  originally  combined  with  the  platinum,) 
2.822  grammes  of  Pt,  and  2.135  grammes  of  E  Gl  (Bebzelius). 
a.  Calculated  from  the  chlorine. 
2.024  :  6.981  :  :  886  4  (2  equ.  of  chlorine)  :  x 
X   =  8057.28 
3057.28—1818.64  (viz  the  sum  of  2  equ.  of  chlorine=886.40, 
— one  equivalent  of  chlorine  =  448.20 ;  and  one  equivalent  of 
potassium  =488.94)  »  1238.74. 

/3.  Calculated  from  the  chloride  of  potassium, 
2.185  :  6.981  :  :     982.14  (equ.  of  K  CI)  :  x 

X      ==  8047.90 
3047.90     —     1818.54  =  1229.36 
The  mean  of  1288.74  and  1229.86  =  1234.5. 

Q  Q  2 
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r.  Equivalent  of  silicon. 

This  was  found  by  Pelouze  (Comptes  Bendus  xx.,  page  1047) 
as  88.94  x2»=l 77.88.  I  consider  the  method  pursued  by  Pe- 
louze less  accurate  than  that  pursued  by  Berzelius,  and  I  have 
therefore  retained  the  number  of  Berzelius^  viz.  in  the  ratio  of 
8  :  2,  since  silicic  acid  is  Si  0|. 

s.  Equivalent  of  strontium. 
]00  Sr  CI  yielded  181.25  of  Ag  CI  (Stromeyeb). 
181,25  :  100  :  :  1792.21  :  x 
X     =a     988.80 
988.80  —  443.20    =     545.60 
Pelouze  found  548.02  (Comptes  Bendus  xx.,  page   1047). 
His  statements^  however,  leave  some  doubt  regarding  the  purity 
of  the  salt  used. 
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TABLE  II. 


Composition  op  thb  basss  and  oxygenated  acids. 


a.  BASES. 


Group: 


A 


I-    < 


Potass 


Soda 


lithia 


Ammonia 


/ 


Barytes 


Strontia 


U.    < 


Lime 


Magnesia 


K     . 
0     . 
KO 

.      488.94     .     . 
100.00     .     . 
688.94     .     . 

88.02 

16.98 

100.00 

Na. 
0     . 

.      287.17     .     . 
100.00     .     . 

74.17 
25.88 

NaO 

887.17     .     . 

.      100.00 

0    .    . 

81.85     .     . 
100.00     .     . 

.        46.01 
64.99 

liO      . 

181.85     .     . 

.      100.00 

NH4 
0     . 

S25.26     .     . 
100.00     .     . 

69.26 
80.76 

NH^O 

826.25     .     . 

.      100.00 

Ba    .    . 
0     . 

864.86     .     . 
100.00     .     . 

.       89.63 
10.47 

BaO     . 

964.86     .     . 

.      100.00 

Sr     . 
0     . 

.      646.60     .     . 
100.00     .     . 

84.61 
15.49 

SrO 

646.60     .    . 

.      100.00 

Ca   .     . 
0     . 

260.00     .     . 
100.00     .     . 

71.48 
.        28.67 

CaO     . 

360.00    .     . 

.      100.00 

Mg 
0     . 

167.76     .     . 
100.00     .     . 

.        61.20 
88.80 

MgO 

.      267.76     .     . 

.      100.00 

5»8 
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Group : 


lU. 


Alamina 


)  Cr 

I  Chromium,  oxide    p.  ^ 

(        ^ 


'^inc,  oxide 


Manganese,  pro- 
toxide 


Manganoso-  man- 
ganic oxide 


Nickel,  protoxide 


IV.  { 


Cobalt,  protoxide 


Cobaltoso-oobaltic 
oxide 


Iron,  protoxide 


Iron,  peroxide 


\ 


Al,  .     . 
0.    .     . 

840.84     .     . 
800.00     .     . 

63.19 
46.81 

Al.  0.  . 

640.84     .     . 

.      lOO.OO 

Cr.  .     . 
0.    .    . 

699.66     .     . 
800.00     .     . 

70.11 

29.89 

Cr,  0,  . 

999.66     .     . 

.      lOO.OO 

Zn    .     . 
0     .     . 

406.69     .     . 
100.00     .    . 

80.26 
19.74 

ZnO     . 

606.69     .     . 

.      lOO.OO 

Mn  .     . 

0    .   . 

344.44     .     . 
100.00     .     . 

77.50 
22.60 

MnO     . 

444.44     .     . 

.      100.00 

Mn, 
0.    .    . 

688.88     .     . 
800.00     .     . 

69.67 
30.33 

Mn.O. 

088.88     .     . 

.      100.00 

Ni    .     . 
0     .     . 

369.14     .     . 
100.00     .    . 

78.68 
21.32 

NiO     . 

469.14     .     . 

.      100.00 

Co    .     . 
0     .    . 

868.44     .     . 
100.00     .     . 

78.66 
21.35 

CoO     . 

468.44     .     . 

.      100.00 

Co,.     . 
0,    .    . 

736.88     .     . 
300.00     .     . 

71.07 
28.93 

Co,  0, 

1036.88     .     . 

.      100.00 

Fe    .     . 
0      .     . 

860.00     .     . 
100.00     .     . 

77.78 
22.22 

FeO      . 

450.00     .     . 

.      100.00 

Fc,  .     . 
0,    .     . 

700.00     .     . 
300.00     .     . 

70.00 
30.00 

I'V,  (), 

100.(100     .     . 

.      100.00 
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Group: 


Silver,  oxide 


Lead,  oxide 


v.< 


Cu 
Copper,  protoxide   q  • 


Copper,  oxide 


Bismuth,  oxide 


Cadmium,  oxide 


\ 


VI. 


[Gold,  peroxide 


Platinum,  peroxide  q 


^'.  : 

1349.01     .     . 
100.00    .    . 

98.10 
6.90 

Ago    . 

1449.01     .     . 

.      100.00 

Pb    .    . 
0     .    . 

1294.60     .     . 
100.00     .     . 

92.88 
7.17 

PbO     . 

1394.50     .     . 

.      100.00 

?'■:  : 

2601.80     .     . 
100.00     .     . 

06.16 
8.84 

Hg.O  . 

2601.80     .     . 

.      100.00 

?8'     • 
0     .    . 

1260.90     .     ■ 
100.00     .     . 

.        02.60 
7.40 

HgO    . 

1350.90     .     . 

.      100.00 

Cu,  .    . 
0     .    . 

792.00     .     . 
100.00     .     . 

88.79 
.        11.21 

Cu,  0  . 

892.00     .     . 

.      100.00 

Cu    .    . 
0     .    . 

396.00     .     . 
100.00     .     . 

79.84 
20.16 

CuO     . 

496.00     .     . 

.      100.00 

Bi    .    . 
0.    .     . 

2660.75     .     . 
300.00     .     . 

89.87 
10.18 

BiO,    . 

2960.76     .     . 

.      100.00 

Cd    .    . 
0     .     . 

696.77     .     . 
100.00     .    . 

87.46 
12.66 

CdO     . 

796.77     .     . 

.      100.00 

Au   .    . 
0.    .     . 

2466.72     .     . 
300.00     .     . 

89.12 
10.88 

AuO,   . 

2756.72     .     . 

.      100.00 

Pt    .     . 
0.    .     . 

1238.50     .     . 
200.00     .     . 

86.06 
13.96 

PtO,    . 

1433.50     .     . 

100.00 

GOO 

Gtonp : 


Al»FBNDIX. 


vi. 


Antimony^  oxide     q 
Tin,  protoxide 
Tin,  peroxide 
Arsenious  acid 
Arsenio  acid 


Sb    . 


1612.90 
800.00 


SbO,    . 

1012.90     .     . 

.      lOO.OO 

Sn    .    . 
0     .    . 

786.30     .     . 
100.00     .    . 

88.02 
11.98 

SnO     . 

886.30    .     . 

.      100.00 

Sn    .    . 
0.  .     . 

788.80     .    . 
200.00     .     . 

78.62 
21.88 

SnO,   . 

936.80     .     . 

.      100.00 

As    .    . 
0.    .    . 

986.48     .     . 
800.00     .     . 

76.74 
24.26 

AsO,   . 

1236.48     .    . 

.    loaoo 

As    .    . 
0,   . 

036.48     .     . 
600.00     .     . 

.        68.10 
.       84.81 

AsO,     .    1436.48 


84.9^ 
ld.6S 


100  00 


6.   ACIDS. 


Ohromic  acid 


Sulphuric  acid 


Boracic  acid 


Cr    .    . 
0,    .    . 

849.83 
300.00 

•         •         • 

68.83 
46.17 

CrO,    . 

649.83 

•         •         • 

100.00 

S     .    . 
0.    . 

200.00 
300.00 

•         • 

40.00 
60.00 

so,    . 

600.00 

«         .          • 

100.00 

F     .    . 
0,    .    . 

391.86 
500.00 

•         •         . 

43.92 
66.08 

PO,     . 

891.66 

.         .         • 

100.00 

B     .    . 
0.    .    . 

136.31 
300.00 

... 

... 

31.24 
68.76 

BO, 


436.31 


100.00 
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Oxalic  acid 


Carbonic  acid 


Silicic  acid 


Nitric  acid 


Chloric  acid 


0,  .  .   180.00  .  . 
0   .  .   800.00  .  . 

• 

83.83 
66.67 

0,0,  .  450.00  .  . 

C   .  .    75.00  ,  . 
0,  .  .   200.00  .  . 

100.00 

27.27 
72.73 

0  0,  .   875.00  .  . 

Si  .  .   184.88  .  . 
0,  .  .   200.00  . 

100.00 

48.08 
6197 

SiO»  .   284.88  . 

N   .  .   176.25  . 
0,  .  .   500.00  . 

.   100.00 

2.5.96 
74.06 

NO,  .   675.25  . 

01  .  .   443.20  . 
O,  .  .   500.00  . 

.   100.00 

46.99 
53.01 

010,  .   048.20  . 

.   100.00 

TABLE  m. 


Bedaction  to  constituent  parts  by  simple  multiplication  or  di- 
vision of  the  compounds  obtained. 

(This  table  contains  some  of  the  most  frequently  occurring 
compounds.) 

INORGANIC   ANALYSIS. 

Potash, 

Chloride  of  platinum 

and  potassium        X  0,8054^ 
or 
Chloride  of  platinum 

and  potassium       .     .     • 
8,274 


2=  Chloride  of  potassium. 
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Chloride  of  platinum 

and  potassium  x  OJ  93^ 

or 

Chloride  of  platinum 

and  potassium 

5,182 


.  s=s  Potash. 


Sodium. 
Chloride  of  sodium  x  0,5301  =  Soda. 

Lime. 

!  *  Carbonate  of  lime  x.0,56  =  lime. 

Magnesia. 
X^yrophosphate  of  magnesia  x  0,3664  =  2  Magnesia. 

Iron. 

!  Oxide  of  iron  x  0,7  =  2  Iron. 

!  Oxide  of  iron  x  0,9  =2  Protoxide  of  iron. 


Sulphate  of  barytes  x  0,3436 

or 

Sulphate  of  barytes        .     . 
2,91 


Sulphuric  acid, 

=  Sulphuric  acid. 


Those  marked  with  !  yield  very  accurate  results. 
0 
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Carbonic  €tcid. 
!  Carbonate  of  lime  x  0^44  =  Carbonic  acid. 

Chlorine. 
Chloride  of  silver  x  0,2473  =  Chlorine. 


ORGANIC   ANALYSIS. 


Carbon. 

Carbonic  acid  x  0,2727  ^ 

or 
Carbonic  acid      .     . 

3,666  /  =  Carbon, 

or 
!  Carbonic  acid  X  3 
11 

Hydrogen. 


\  =  Hydrogen. 


Water  X  0,11111 
!  Water 
9 

Nitrogeti. 

Chloride  of  platinum 

and  ammonium  X  0,06284 
or 
Chloride  of  platinum 
and  ammonium    ... 
15,9 


^  =  Nitrogen. 
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TABLE 


This  table  indicates  for  every  figure 
quantity  of  the  constitueiit 


Elements. 

Found. 

Sought 

1- 

Aluminium 

Alumina 

Aluminium 

0.53186 

Al.O. 

Al, 

Ammonium 

Chloride,  ammonium 

Ammonia 

0.31827 

N  H^,  CI 

NH, 

Ammonio-chloride,  platinum 

Oxide  of  ammonium 

0.1166oj 

NH^Cl,PtCl, 

NH^,0 

Ammonio-chloride,  platinum 

Ammonia 

0,0763o| 

NH^Cl,  PtCl, 

NH, 

Antimony 

Oxide  of  antimony 
SbO, 

Antimony 
Sb 

0-84317 

r 

Antimony 

Oxide  of  antimony 

1.18600 

Sb 

SbO, 

Sulphuret  of  antimony 

Oxide  of  antimony 

0.86443 

Sb  S, 

SbO, 

Antimonious  acid 

Oxide  of  antimony 

0.95032 

SbO^ 

SbO, 

Arsenic 

Arsenious  acid 
AsO, 

Arsenic 

As 

0.75738 

Arsenic  acid 

Arsenic 

0.65193 

As  0, 

As 

Arsenic  acid 

Arsenious  acid 

0.86077 

AsO, 

AsO, 

Sulpharsenious  acid 

Arsenious  acid 

0.80475 

AsS, 

AsO, 

Sulpharsenious  acid 

Arsenic  acid 

0.93492 

AsS, 

AsO, 

Barium 

Barytes 
BaO 

Barium 
Ba 

0.89527 

Sulphate  of  barytes 

Barytes 

0.65632 

BaO,  SO, 

BaO 

Carbonate  of  barytes 

Barytes 

0.77639 

BaO,  CO, 

BaO 
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IV. 

of  the  obtained  compound  the 
port  sought  for. 


2. 


8. 


1.06373  1.59559 


0.63655 


0,23329 


0.15260 


1.68634 


0.95482 


9.34994 


0.22890 


2.52951 


2.37200  3.55800 


172885 
1.90064 
1.51475 
1.30385 
1.72154 
1.60950 
1.86983 
1.79054 
1.31264 
1.55279 


2.59329 
2.85096 
2.27213 
1.95578 
2.58231 
2.41425 
2.80475 


2.12746 


1.27310 


0-46658 


030520 


3.37268 


4.74400 


3.45772 


2.65932 


1.59137 


0.58323 


0.38150 


4.21585 


5.93000 


4.32215 


« 


3.80128  4.75160 


3.02950 


2.60771 


3.44308 


3^1900 


3.73966 


2.68582  3.58109 


1.96897 


2.32918 


2.62529 


3.10558 


3.78688 


3.25963 


4.30385 


4.02374 


4.67458 


4.47636 


3.28161 


3.88197 


3.19118 

1.90964 

0.69988 

0.45780 

5.05902 

7.11600 

5.18659 

5.70192 

4.54426 

3.91156 

5.16463 

4.82849 

5.60950 

5.37163 

3.93793 

4.65837 


3.72805 

2.22792 

0.81652 

0.53410 

5.90219 

8.30200 

6.65102 

6.65224 

5.30163 

4.56349 

6.02540 

5.68324 

6.54441 

6.26690 

4.59425 

5.43476 


4.25491  4.78678 


2.54619 

0.93317 

0.61040 

6.74536 

9.48800 

6.91545 

7.60256 

6.05901 

5.21542 

6.88617 

6.43799 

7.47933 

7.16218 

5.25058 

6.21116 


2.86447 
1.04981 
0.68670 
7.58853 
10.67400 
7.77988 
8.55288 
6.81638 
5.86734 
7.74694 
7.24274 
8.41424 
8.05745 
5.90690 
6.98755 


tjue 
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TABT.P:   IV 

Slementa. 

Found. 

Sought. 

1.         • 

Barium 

Silico-fluoride  of  barium 

Barytes 

0.54G61 

BaFl,SiFl, 

BaO 

Bismuth 

Oxide  of  bismuth 

Bismuth 

0.898671 

BiO, 

Bi 

Boron 

Boracic  acid 

Boron 

0.31241 1 

BO3 

B 

Bromine 

Bromide  of  silver 
AgBr 

Bromine 
Br 

0.42562 

1 

Cadmium 

Oxide  of  cadmium 
CdO 

Cadmium 
Cd 

0.87449 

Calcium 

Lime 
CaO 

Calcium 
Ca 

0.71429 

Sulphate  of  lime 

Lime 

0.41176 

Ca  0,  S  0, 

CaO 

Carbonate  of  lime 

Lime 

0.56000 

Ca9,  CO, 

CaO 

Carbon 

Carbonic  acid 

Carbon 

0.27273 

CO, 

C 

Carbonate  of  lime 

Carbonic  acid 

0.44000 

CaO,  CO, 

CO, 

Chlorine 

Chloride  of  silver 
AgCl 

Chlorine 
CI 

0.24729 

Chloride  of  silver 

Hydrochloric  acid 

0.25427 

AgCl 

CIH 

Chromium 

Oxide  of  chromium 
Cr,0. 

Chromium 
Cr 

0.70108 

Oxide  of  chromium 

Chromic  acid 

1.29891 

Cr,0, 

aCrOj 

Chromateoflead 

Chromic  acfd 

0.31853 

PbO,CrO, 

CrO, 

Cobalt 

Cobalt 
Co 

Protoxide  of  cobalt 
CoO 

1.27141 

Copper 

Oxide  of  copper 
CuO 

Copper 
Cu 

0.79839 
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continued. 


2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

1.09322 

1.63983 

2.18644 

2.73804 

3.27965 

3.82626 

4.37287 

4.91948 

1.79735 

2.69602 

3.6M70 

4.49337 

5.39204 

6.29072 

7.18939 

8.08807 

0,62483 

0,93724 

1.24966 

1.56207 

1.87449 

2.18690 

2.49932 

2.81173 

0.86124 

1.27686 

1.70248 

2.12810 

2.55873 

2.97985 

3.40497 

3.83059 

1.74899 

2.62348 

8.49797 

4.37246 

5.24696 

6.12145 

6.99594 

7.87044 

1.42867 

2.14286 

2.85714 

8.57143 

4.28571 

5.00000 

5.71429 

6.42857 

0.82353 

1.23529 

1.64706 

2.05882 

2.47059 

2.88236 

3.29412 

8J0688 

1.12000 

1,68000 

2.24000 

2.80000 

3.36000 

3.92000 

4.48000 

5.04000 

0.54546 

0.81818 

1.09091 

1.86364 

1.68636 

1.90909 

2.18181 

2.45455 

0.88000 

1.32000 

1.76000 

2.20000 

2.64000 

8.08000 

3.52000 

8.96000 

0.49458 

0.74188 

.098917 

1.28646 

1^376 

1.73104 

1.97834 

2.22563 

• 

0.50853 

0.76280 

1.01707 

1.27133 

1.52560 

1.77987 

2.03414 

2.28840 

1.40217 

2.80325 

2.80434 

3.50642 

4.20651 

4.90759 

5.60868 

6.30976 

2.59783 

8.89674 

5.19566 

6.49457 

7.79349 

9.09240 

10.89132 

11.69023 

0.63707 

0.95560 

1.27418 

L59266 

1.91120 

2.22973 

2.64826 

2.86680 

2.54283 

3.81424 

5,08566 

6.35707 

7.62849 

8.89990 

10.17132 

11.44278 

1.59677 

2.39516 

3.19356 

8.99193 

4.79032 

1 

5.58871 

6.38710 

7.18548 

BOS 

APPENDIX. 

TABLE   IV.    ' 

Elements. 

Found. 

Soogfat 

I. 

Fluorine 

Fluoride  of  calcium 

Fluorine 

0.48528 1 

CaFl 

Fl 

Fluoride  of  silicon 

Fluorine 

0.7I829| 

SiFI, 

2F1 

Hydrogen 

Water 
HO 

Hydrogen 

H 

O.IIlll 

Iodine 

Iodide  of  silver 

Iodine 

0.54O31 1 

AgJ 

J 

Iron 

Oxide  of  iron 
Fe.O, 

Iron 
Fe. 

0.70000 

Oxide  of  iron    . 

.Protoxide  of  iron 

0.90000 

Fe.O, 

2  FeO 

Lead 

Oxide  of  lead 
PbO 

Lead 
Pb 

0.92829 

Sulphate  of  lead 

Oxide  of  lead 

0.73608 

PbO,  SO, 

PbO 

Chloride  of  lead  . 

Oxide  of  lead 

0.80250 

PbCl 

PbO 

Chloride  of  lead 

Lead 

0.74495 

PbCl 

Pb 

•    Sulphuret  of  lead 

■    Oxide  of  lead 

0.93309 

PbS 

PbO 

Magnesium 

Magnesia 
MgO 

Magnesium' 
Mg 

0.61203 

Sulphate  of  magnesia 

Magnesia 

0.34015 

MgO,  SO, 

MgO 

Pyrophosphate  of  magnesia 

Magnesia 

0.36637 

PO,  2MgO 

2  MgO 

Manganese 

Protoxide  of  manganese 
MnO 

Manganese 
Mn 

0.77500 

Manganoso-manganic  oxide 

Manganese 

0.72093 

MnO  +  Mn,  0, 

Mn, 

Protosulphate  of  manganese 

Protoxide  of  manganese 

0.47059 

Mn  0,  S  0, 

MnO 
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>ntinued. 


.  2. 

8. 

4. 

6. 

6. 

7. 

8. 

9, 

U.97066 

1.45584 

1.94112; 

2.42640 

2.91168 

3.39695 

3.88223 

4,36751 

-.43658 

2,16487 

2,87816 

3-59145 

4.30975 

5.02804 

5.74683 

6.46462 

>.22222 

0,83333 

0,44444 

0.55555 

0.66667 

0.77778 

0.88889 

1,00000 

ii  .08061 

1.62092 

2.16122 

2.70153 

3.24184 

8.78214 

4.43245 

4.86275 

fl  .40000 

2,10000 

2.80000 

3.50000 

4.20000 

4.90000 

5.60000 

6.30000 

1.80000 

2,70000 

3.60000 

4,50000 

5.40000 

6.80000 

7,20000 

8.10000 

1 .85658 

2.78487 

3.71316 

4.64145 

5.56974 

6.49803 

7,42632 

8.85461 

1.47216 

2,20823 

2,94431 

3.68039 

4.41647 

5.15255 

5.88862 

6.62470 

1,60500 

2.40749 

3,20999 

4.01249 

4.81499 

5.61749 

6.41998 

7^2248 

1.48990 

2.23485 

2,97980 

3.72475 

4,46970 

5.21465 

5,95960 

6.70455 

1.86618 

2.79926 

3.78285 

4.66544 

5,59853 

6.53162 

7.46470 

8.89779 

1.22405 

1,88608 

2,44811 

8.06018 

3,67216 

4.28410 

4.89622 

5.60824 

0.68080 

1,02046 

1.36061 

1,70076 

2.04091 

2.38106 

2.72122 

3.06137 

0,73274 

1,09911 

1,46548 

1.88184 

2.19821 

2.56458 

2.93095 

3.29^32 

1.55000 

2.82499 

U*U9i7«7!7 

3.87499 

4.64999 

5.42499 

6.19998 

6.97498 

1.44186 

2,16278 

2,88371 

8,60464 

4.82557 

5.04650 

5.76742 

6.48835 

0.94117 

1,41176 

1.88234 

« 

2,35293 

2.82352 

3,29410 

8.76469 

4.28527 

R  R 
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TABLE  IV 


Elements. 

Found. 

SonghL 

1. 

Mercury 

Mercury 

Protoxide  of  mercury 

1.0399: 

Hg, 

Hg,0 

Mercury 

Binoxide  of  mercury 

1-07994 

Hg 

HgO 

Protochloride  of  mercury 

Mercury 

0.849ol 

Hg.Cl 

Hg, 

Sulphide  of  mercury 

Mercury 

0.862I5 

HgS 

Hg 

Nickel 

Protoxide  of  nickel 

Nickel 

0.78684 

NiO 

Ni 

Nitrogen 

Ammonio-chloride  of  platinum 

Nitrogen 

O.O62S0 

NH^Cl,  PtCl, 

N 

Platinum 

Nitrogen 

O.14207 

Pt 

N 

i 

Sulphate  of  barytes 

Nitric  acid 

0.46414 

BaO,  SO, 

NO, 

Carbonic  acid 

Nitric  acid 

1.22773 

2  CO, 

NO, 

Cyanide  of  silver 

Cyanogen 

0.19426 

Ag,  C,  N 

C.N 

Cyanide  of  silver 

Hydrocyanic  acid 

0.20173 

Ag,  C,  N 

C,N,H 

Phosphorus 

Phosphoric  acid 

Phosphorus 

0.43918 

PO. 

P 

1 

Pyrophosphate  of  magnesia 

Phosphoric  acid 

0.6S363 ! 

2MgO,PO,, 

PO, 

» 

Phosphate  of  iron 

Phosphoric  acid 

0.57216 

2Fe,  OjjSPO,, 

8P0, 

Phosphate  of  silver 

Phosphoric  acid 

0.17019 

3AgO,  PO,. 

PO. 

Pyrophosphate  of  silver 

Phosphoric  acid 

0.28526 

2  AgOPO., 

PO. 

Potassium 

Potash 

Potassium 

0.83020 

KO 

K 
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>Dtinued. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

2.07994 

3.11991 

4.15988 

5.19985 

6.23983 

7.27980 

8.31977 

9.35974 

2.15988 

3.23983 

4.31977 

5.39971 

6.47965 

7.55959 

8.63954 

9.71948 

1.69902 

2.54852 

3.39803 

4.24754 

5.09705 

5.94656 

6.79606 

7.64557 

1.72431 

2.58646 

3.44862 

4-31077 

5.17293 

6.03508 

6.89724 

7.75939 

1.57369 

2.36053 

3.14738 

3.93422 

4.72106 

5.50791 

6.29475 

7.08160 

0.12570 

0.18855 

0.25140 

0.31425 

0.37711 

0.43996 

0.50281 

0.56566 

0.28415 

0.42622 

0.56830 

0.71037 

0.85245 

0.99452 

1.13660 

1.27867 

0.92827 

1.39241 

1.85655 

2.32068 

2.78482 

3.24896 

3.71310 

4.17723 

2.45545 

3.68318 

4.91091 

6.13863 

7.36636 

8.59409 

9.82182 

1.104954 

0.38853 

0.58279 

0.77706 

0.97132 

1.16559 

1.35985 

1.55412 

1.74838 

0.40346 

0.60519 

0.80692 

1.00865 

1.21039 

1.41212 

1.61385 

1.81558 

0.87836 

1.31754 

1.75672 

2.19589 

2.63507 

3.07425 

3.51343 

3.95261 

1.26726 

1.90089 

2.53452 

3.16815 

3.80179 

4.43542 

5.06905 

5.70268 

1.14431 

1.71647 

2.28862 

2.86078 

3.43294 

4.00509 

4.57725 

5.14940 

0.34038 

0.51057 

0.68076 

0.85094 

1.02113 

1.19132 

1,36151 

1.53170 

0.47053 

0.70579 

0.94106 

1.17632 

1.41158 

1.64685 

1.88211 

1.11738 

1.66041 

2.49061 

3.32081 

4.15101 

4.98122 

5.81142 

6.64162 

7.47183 

R  R  2 
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TABLE 


Elemcfnta. 

Pound. 

Sought. 

L 

Potassiutn 

Sulphate  of  potash 

Potash 

O.Wfc- 

KO,  SO, 

KO 

Nitrate  of  potash 

Potash 

0.4635- 

KO,NO, 

KO 

Chloride  of  potassium 

Potassium . 

0.52i5. 

KCl 

K 

Chloride  of  potassium 

Potash 

OjR3\9i 

KCl 

KO 

Potassio-chloride  of  platinum 

Potash 

OA92Sr 

KCl,PtCU 

KO 

Potassio-chloride  of  platinum 

Chloride  of  potassium 

0.30Si. 

KCl,  PtCl, 

KCl 

Silicon 

Silicic  acid 

Silicon 

O.4803t 

SiO, 

Si 

Silver 

Chloride  of  silver 

Silver 

0.75271 

AgCl 

Ag 

Chloride  of  silver 

Oxide  of  silver 

O.8OS50 

AgCl 

AgO 

Sodium 

Soda 

Sodium 

0.74172 

NaO 

Na 

Sulphate  of  soda 

Soda 

0.43641 

NaO,  SO, 

NaO 

Nitrate  of  soda 

Soda 

0.36442 

NaO,  NO, 

NaO 

' 

Chloride  of  sodium 

Soda 

O.53010' 

NaCl 

NaO 

I 

Chloride  of  sodium 

Sodium 

0.39318 

NaCl 

Na 

Carbonate  of  soda 

Soda 

O.58470 

NaO,  CO, 

NaO 

Strontium 

Strontia 

Strontium 

O.84510 

SrO 

Sr 

Sulphate  of  strontia  ' 

Strontia 

0.56350 

Sr  0,  S  O, 

SrO 
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utinued. 


2. 


8. 


08168 


93173 


.O4908 


.26364 


1.38593 


5^).61083 


0.96072 


1.50642 


1.61701 


1.48343 


0.87282 


0.72885 


1.06020 


0.78687 


1.16940 


1.69021 


1.12709 


1.62251 


1.39759 


L67362 


1.89546 


0  57890 


0.91624 


1.44107 


2.25812 


2.42551 


2.22515 


1.80923 


1.09327 


1.59030 


1.17955 


4. 


2.16335 


1.86346 


2.09816 


2.52728 


0.77186 


1.22166 


1.92143 


3.01083 


3.23402 


2.96686 


1.74564 


2.70419 


2.32232 


2.62270 


3.15909 


0.96483 


1.52707 


2.40179 


3.76354 


4.04252 


3.70858 


2.18205 


3.24503 


2.79518 


3.14724 


3.79091 


1.15780 


1.83429 


2.88215 


4.51625 


1.45769    1.82211 


2.12040 


1.57274 


1.75410    2.33880 


2.53531 


1.69064 


3.38042 


2.25419 


7. 


3.78587 


3.26105 


8.67178 


4.42273 


1.35076 


2.13790 


3.36251 


5.26896 


4.85103    5.65953    6.46804 


8. 


4.32670 


3.72691 


4.19632 


5.05455 


1.54373 


2.44332 


3.84286 


9. 


4.86754 


4,19278 


4.72086 


5.68637 


1.73669 


2.74873 


4.32322 


6.02166    6.77437 


2.65050 


1.96592 


2.92349 


4.45030 


2.61846 


2.18654 


3.18061 


2.35910 


3.50819 


5.19201    5.93373 


4.22552    5.07063 


2.81773 


3.38128 


3.05487 


2.55096 


8.71071 


2.75229 


4.09289 


3.49128 


2.91538 


4.24081 


3.14547 


7.27654 


6.67544 


3.92769 


3.27981 


4.77091 


3.53866 


4.67759     5.26229 


5-91573    6.76084 


3.94483 


4.50838 


7.60594 


5.07192 
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TABI.E  r 


Elements. 

Found. 

Strontium 

Carbonate  of  strontia 

SrO,  SO^ 

Sulphur 

Sulphate  ofbarytes 

BaO,  SO3 

Sulphuret  of  arsenic 

As  S3 

Sulphate  ofbarytes 

BaO,  SO, 

Tin 

Oxide  of  tin 

SnO, 

Oxide  of  tin 

SnO, 

Zinc 

Oxide  of  zinc 

ZnO 

Sought 

1, 

Strontia 

0.7012^ 

SrO 

Sulphur 

0.1374- 

S 

Sulphur 

O-39O50 

s. 

Sulphuric  acid 

0-3436S 

SO3 

j 

Tin 
Sn 

0.78616 

Protoxide  of  tin 
SnO 

O.89d0S 

Zinc 
Zn 

O.8O260 
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ioxitinued. 


2. 

8. 

4. 

S. 

«. 

7. 

8. 

d. 

1.40256 

2.10385 

2.80513 

3.50641 

4.20769 

4.90897 

5.61026 

6.31154 

0. 27494 

0.41241 

0.54988 

0.68735 

0,82483 

0.96230 

1.09977 

1.23724 

O.78101 

1.17151 

1.56201 

1.95251 

2.34302 

2.73352 

3.12402 

3.51453 

0.68736 

1.03103 

1.37471 

1.71839 

2.06207 

2.40575 

2.74942 

3.09310 

1.57233 

2.35849 

3.14466 

3.93082 

4.71698 

5.50315 

6.28931 

7.07547 

178616 

2.67924 

3.57232 

4.46540 

5.35848 

6.25156 

7.14464 

8.03772 

1.60520 

2.40781 

3.21041 

4.01301 

4.8156] 

5.61821 

6.42082 

7-22342 

^ 

APPENDIX. 

TABLE  V. 
Specific  gravity  and  absolute  weight  of  several  oases. 


Specific  gravity, 

atnuMpheric  air  s 

1.0000 


1  litre  (1000 

cabe8)afgBf  «t  O^  d 
and  0.76  metn 
wejgfaa 
Qaimmrm. 


Atmospheric  air 

Oxygen 

Hydrogen 

Water,  vapor  of 

Carbon,  vapor  of     • 

Carbonic  acid 

Carbonic  oxide 

Phoiphorusi  vapor  of     ^ 

Sulphur,  vapor  of    • 

Hydrosulphuric  acid 

Iodine     . 

Bromine 

Chlorine 

Nitrogen 

Ammonia 


1.0000 
1.1093 
0.0693 
0.6239 
0.8320 
1.5252 
0.9709 
4.3435 
6.6556 
1.1786 
8.7944 
5.5444 
2.4582 
0.9706 
0.5893 


1.2991 
1.4410 
0.0901 
0.8105 
1.0808 
1.9814 
1.2609 
5.6422 
8.6463 
1.5311 
11.4240 
7.2023 
3.1932 
1.2609 
0.7655 
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TABLE  VI. 
Comparison  of  the  degrees  of  the  mercurial  thermometer  with 

THOSE   OF  THE   AIR   THERMOMETER. 

According  to  DtUong  and  Petit. 


eesof  themaiei 

uial      D^^nesofiheair 

Degrees  of  the  meicaiia] 

Degree*  of  the  ft 

thennometer. 

thennometer.                 thennometer. 

105     . 

. .      104.8 

220    .. 

216.2 

110    . 

. .      109.6 

230     . 

225.9 

120     . 

..     119.5 

240     . 

235.4 

130     . 

. .      129.2 

250     . 

245.0 

140     . 

. .      189.0 

260     . 

254.6 

150     . 

. .      148.7 

270     . 

264.0 

160     . 

. .      158.4 

280    . 

273.5 

170    . 

168.0 

290     . 

288.2 

180    ., 

. .      177.7 

800     . 

292.7 

190    . 

. .      187.4 

320     . 

811.6 

200     . 

. .      197.0 

840    . 

830.5 

1 210     . 

..     206.7 

350    .. 

840.0 

According  to  Magnus. 

'DegretB  of  the  mercurial  Degreee  of  tlie  ur 

thermometer.  thermometer. 

100  100.00 

150  148.74 

200  197.49 

250  245.39 

300  294.51 

350  320.92  ; 

According  to  Regnatdt. 

Air  thermometer.  Herciirial  thermometer. 

0 0 

50 602 

100 100.0 

150 150.0 

200 200.0 

250 250.8 

300 aoi.2 

325 326.9 

350 353.3 
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TABLE 


FOR  THE   CONTERSION   OF  DEGREES    ON   THE   CENTIGRADE 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

—50° 

58!0 

—3° 

26!6 

44° 

11L2 

9r 

195!8 

—49 

—56.2 

—2 

28.4 

45 

113.0 

92 

197.6 

—48 

—54.4 

—1 

30.2 

46 

114.8 

93 

199.4 

—47 

—52.6 

0 

32.0 

47 

116.6 

94 

201.2 

—46 

—50.8 

+  1 

33.8 

48 

1184 

95 

203.O 

—45 

—49.0 

2 

35.6 

49 

120.2 

96 

204.8 

—44 

—47.2 

3 

37.4 

50 

122.0 

97 

206.6 

-^3 

—45.4 

4 

39.2 

51 

123.8 

98 

208.4 

—42 

—43.6 

6 

41.0 

52 

125.6 

99 

2102 

—41 

—41.8 

6 

42.8 

53 

127.4 

100 

212.0 

—40 

—40.0 

7 

44.6 

54 

129.2 

101 

213.8 

—39 

—38.2 

8 

46.4 

65 

131.0 

102 

215.6 

—38 

—36.4 

9 

48.2 

56 

132.8 

103 

217.4 

—37 

—34.6 

10 

50.0 

57 

134.6 

104 

219.2 

—36 

—32.8 

11 

51.8 

58 

136-4 

105 

221.0 

—35 

—30.0 

12 

53.6 

59 

138.2 

106 

222.8 

—34 

—29.2 

13 

65.4 

60 

140.0 

107 

224.6 

—33 

—27.4 

14 

57.2 

61 

141.8 

108 

226.4 

—32 

—25.6 

15 

59.0 

62 

143.6 

109 

228.2 

—31 

—23.8 

16 

60.8 

63 

145.4 

110 

230.0 

—30 

—22.0 

17 

62.6 

64 

147.2 

111 

231.8 

—29 

—20.2 

18 

64.4 

65 

149.0 

112 

233.6 

—28 

—18.4 

19 

66.2 

66 

150.8 

113 

235.4 

—27 

—16.6 

20 

68.0 

67 

152.6 

114 

237.2 

—26 

—14.8 

21 

69.8 

68 

154.4 

115 

239.0 

—25 

—13.0 

22 

71.6 

69 

156.2 

116 

240.8 

—24 

—11.2 

23 

73.4 

70 

158.0 

117 

242.6 

—23 

—9.4 

24 

75.2 

71 

159.8 

118 

244.4 

—22 

—7.e 

25 

77.0 

72 

161.6 

119 

246.2 

—21 

—5.8 

26 

78.8 

73 

163.4 

120 

248.0 

—20 

—4.0 

27 

80.6 

74 

165.2 

121 

249.8 

—19 

—2.2 

28 

82.4 

73 

167.0 

122 

261.6 

—18 

—0.4 

29 

84.2 

76 

168.8 

123 

253.4 

—17 

+  1.4 

30 

86.0 

77 

170.6 

124 

255.2 

—16 

3.2 

81 

87.8 

78 

172.4 

125 

257.0 

—15 

5.0 

32 

89.6 

79 

174.2 

126 

258.8 

—14 

6.8 

33 

91.4 

80 

176.0 

127 

260.6 

—13 

8.6 

34 

93.2 

81 

•  177.8 

128 

262.4 

—12 

10.4 

35 

95.0 

82 

179.6 

129 

264.2 

—11 

12.2 

36 

96.8 

83 

181.4 

130 

266.0 

—10 

14.0 

37 

98.6 

84 

183.2 

131 

267.8 

—9 

15.8 

38 

100.4 

85 

185.0 

132 

269.6 

—8 

17.6 

39 

102.2 

86 

186.8 

133 

2714 

—7 

19.4 

40 

104.0 

87 

188.6 

134 

273.2 

—6 

21.2 

41 

105.8 

88 

190.4 

135 

275.0 

—5 

23.0 

42 

107.6 

89 

192.2 

136 

276.8 

—4 

24.8 

43 

109.4 

90 

194.0 
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THERMOMETER   INTO    DEGREES    OF   FAHRENHEIT'S   SCALE. 


Cent. 

Fahr. 

Cent, 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

137- 

278!6 

183° 

861.4 

229° 

444!2 

275" 

527!o 

138 

280.4 

184 

363.2 

230 

446.0 

276 

528.8 

139 

282.2 

185 

365  0 

231 

447.8 

277 

530.6 

140 

284.0 

186 

366.8 

232 

449.6 

278 

532.4 

141 

285.8 

187 

368.6 

233 

451.4 

279 

534.2 

142 

287.6 

188 

370.4 

234 

453.2 

280 

536.0 

143 

289.4 

189 

372.2 

235 

455.0 

281 

537.8 

144 

291.2 

190 

374.0 

236 

456.8 

282 

539.6 

145 

293.0 

191 

375.8 

237 

458.6 

283 

541.4 

146 

294.8 

192 

377.6 

238 

460.4 

284 

543.2 

147 

296.6 

193 

379.4 

239 

462.2 

285 

545.0 

148 

298.4 

194 

381.2 

240 

464.0 

286 

546^ 
548% 

149 

300.2 

195 

383.0 

241 

465.8 

287 

150 

302.0 

196 

384.8 

242 

467.6 

288 

550.4 

151 

303.8 

197 

386.6 

243 

469.4 

289 

552.2 

152 

305.6 

198 

388.4 

244 

471.2 

290 

554.0 

153 

307.4 

199 

390.2 

245 

473.0 

291 

555.8 

154 

309.2 

200 

392.0 

246 

474.8 

292 

557.6 

155 

311.0 

201 

393.8 

247 

476.6 

293 

559.4 

156 

312.8 

202 

395.6 

248 

478.4 

294 

661.2 

157 

314.6 

203 

397.4 

249 

480.2 

295 

563.0 

158 

316.4 

204 

399.2 

250 

482.0 

296 

564.8 

159 

318.2 

205 

401.0 

251 

483.8 

297 

666.6 

160 

320.0 

206 

402.8 

252 

485.6 

298 

668.4 

161 

321.8 

207 

404.6 

253 

487.4 

299 

670.2 

162 

323.6 

208 

406.4 

254 

489.2 

300 

572.0 

163 

325.4 

209 

408.2 

255 

491.0 

301 

573.8 

164 

327.2 

210 

410.0 

256 

492.8 

302 

575.6 

165 

329.0 

211 

411.8 

257 

494.6 

303 

677.4 

166 

330.8 

212 

413.6 

258 

496.4 

304 

579.2 

167 

332.6 

213 

415.4 

259 

498.2 

305 

581.0 

168 

334.4 

214 

417.2 

260 

500.0 

306 

582.8 

169 

336.2 

215 

419.0 

261 

501.8 

307 

684.6 

170 

338.0 

216 

420.8 

262 

503.6 

308 

586.4 

171 

339.8 

217 

422.6 

263 

505.4 

309 

588.2 

172 

341.6 

218 

424.4 

264 

507.2 

310 

690.0 

173 

343.4 

219 

426.2 

265 

509.0 

311 

591.8 

174 

345.2 

220 

428.0 

266 

510.8 

312 

693.6 

176 

347.0 

221 

429.8 

267 

512.6 

313 

595.4 

176 

348.8 

222 

431.6 

268 

514.4 

314 

697.2 

177 

350.6 

223 

433.4 

269 

516.2 

315 

699.0 

178 

252.4 

224 

435.2 

270 

518.0 

316 

600.8 

179 

354.2 

225 

437.0 

271 

519.8 

317 

602.6 

180 

356.0 

226 

438.8 

272 

521.6 

318 

604.4 

181 

357.8 

227 

440.6 

273 

523.4 

319 

606.2 

182 

359.6 

228 

442.4 

274 

525.2 

320 

608.0 

ALPHABETICAL    I] 


Acetic  add  (as  reagent)  - 

Air-bath 

Alcohol  (oa  reagent) 
Alkalimetry,  method  of  Dncroisilles 
and  (Hj  Lnwac .... 
Alkalimetr7,niethod  of  Fresenius  and 

Will 

A  lamina,  determination  of       -        - 

(properties  and  composition) 

separation  from  the  alkalies 

fit>m  the  alkaline 

earths  - 

Aaunonio  (as  reagent^ 

carbonate  (as  reagent) 
estimation  of  • 
hydroBulphuret  (as  reagent) 
oxalate  (as  reagent)  - 
separation  of,  frxmi  potass 

and  soda 
succinate  (as  reagent) 
Ammonio-chloride  of  platinum 
Analysis,  calculation  of    - 

(general  mode  of  proceeding) 
indirect    -        -        -        - 
of  the  ashes  of  plants 
of  the  atmospheric  air 
of  mineral  waters 
of  soils     -        -        -        - 
(preparation  for) 
Antimonious  add  (properties  and  com* 

position  of)  -        -        - 

Antimony,  ozide^  detennination  of 
properties)     - 
separation     of,  from  the 
bases  of  the  groups  I. 
to  IV. 
separation   of,    from   the 
bases  of  the  fifth  group 
aepazation  of,  from  gold    - 
0^  from  platinum 
of,  from  tin 


PAQI 

83 
89 


860 

867 
175 
112 
296 

297 
85 
85 

159 
85 
65 

289 

85 

104 

483 

44 

286 

495 

528 

469 

509 

82 

189 
229 
189 


834 

838 
339 
839 

340 


Antimony,  n 

Arsenic  add, 

nious  add 

Arsenic,  anti 

from  one  a 

dete 

prot 

sepa 


sepi 

o 

sulp 

C( 

Arsenious  ai 
of,  from  a] 
Ashes,  analj 
Atmospheric 
Atomic  veij 
organic  be 


Balances 

Barytes,  car 

compodtii 

dete 

hyd 

niti; 

sepa 

a 

snip 

po 

wat 

Bases  of  th< 

from  one 


( 
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TABLE  VIII. 
French  weights  and  measures. 

French.  English. 

Milligramme  .         •  •  •       .0154  groins. 

Centigramme 1543       „ 

Decigramme 1.5434       ,, 

Gramme 15.4336       „ 


Kilogramme 


2.679  lbs.  Troy. 

2.205  lbs.  Avoirdupoids. 


15433.6  grains. 


Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Myriam^tre 


.03937 

.39371 

3.93710 

39.37100 

393.71000 

3937.10000 

398.71. 

393710. 
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PAOR 

Acetic  acid  (as  reagent)  -        -        -  88 

Aip-bath 89 

Alcohol  (as  reagent)        -        •        -  82 
Alkalimetry,  method  of  Dacroixilles 

and  Gay  Lnasac  -        -        •        -  860 
Alkalimetry  jnethod  of  Fresenias  and 

Will 867 

Aliimin%  determination  of       -        -  175 

(properties  and  composition)  112 

separation  from  the  alkalies  296 

from  the  alkaline 

earths  -        -  297 

AoiXDonio  (as  reagent)     -        -        -  85 

carbonate  (as  reagent)  85 

estimation  of  -        -        -  159 

hydrosulphuret  (as  reagent)  85 

oxalate  (as  reagen^  -  85 

separation  of,  from  potass 

and  soda     -                -  289 
succinate  (as  reagent)  85 
AmmonioHshloride  of  platinum          -  104 
Analysis,  calculation  of    •        •  483 
(graeral  mode  of  proceeding)     44 
indirect    -        -        -        -  286 
of  the  ashes  of  plants          -  495 
of  the  atmospheric  air        •  528 
of  mineral  waters       -  469 
of  soils     -        -        •        -  509 
(prepantion  for)        -  82 
Antimonious  acid  (properties  and  com- 
position of)          ...        -  189 
Antimony,  oxide,  determination  of  229 
(properties)     -        -        -  189 
separation    of,  from  the 
bases  of  the  groups  I. 
to  IV.                          -  884 
separation   of,    from   the 

bases  of  the  fifth  group  888 

separation  of,  from  gold    -  839 

of,  fromplatinum  839 

of,  from  tin      -  840 


FAOB 

Antimony,  solphuret  (properties  and 

composition  of)    -        -    188 
Arsenic  acid,  separation  of  from  anse- 

nious  acid 844 

Arsenic,  antimony  and  tin,  separation 
from  one  another ....    845 
determination  of  •        -    236 

protochloride  (as  reagent)    •      89 
separation  of,  from  antimony    848 
from  gold       -    889 
from  platinum     889 
from  tin  -    841 

from  the  bases 
of  the  groups 
I.— IV.     -     884 
separation  of,  from  the  bases 

of  the  fifih  group    -        •    888 
snlphuret,    properties     and 
composition  of         -        -    141 
Arsenions  and  arsenic  add,  separation 

of,  from  all  other  acids         -        -    846 

Ashes,  analysis  of  -        -        -        -    495 

Atmospheric  air,  analysis  of    -        -     528 

Atomic  weight,  determination  of,  of 

organic  b^es     ....    426 


B. 

Balances 12 

Baiytes,  carbonate  of,  properties  and 

composition  of     •        -        -        -  105 

determination  of  -        -        -  161 

hydrate  of  (as  reagent)  89 

mtrate  of  (as  reagent)          -  85 
separation  of,    from    potash 

and  soda                         -  292 
sulphate,  properties  and  com- 
position of       -        -        -  105 
water  (as  reagent)  86 
Bases  of  the  5th  group,  separation  of 
from  one  another         -        -        >  824 
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Bismuth^  carbonate,  properties  and 
composition  of    - 

oxide  determination  of 

properties  and   com- 
position of   • 
separation  of,  from  the  Vases 

of  the  groups  I.  to  IV. 
sepanttion  of,  from  lead 

from  mercury 
from  silver 
Boracic  acid,  determination  of  - 

separation  of,  from  the 


separation  of,  ftqm  chro- 
mic add  - 
separation  of,  from  phos 
phoric  acid 
Brass,  analysis  of    - 
Bromide  of  silyer,  properties  and  oomp. 
Bromine,  estimation  of    - 

separation  of,  from  chlorine 
fixnn  the  mo* 
tals- 
Bronze,  analysis  of . 


134 
220 

138 


330 
329 
327 
252 

252 

847 

847 
548 
147 
269 
854 

269 
549 


Cadmium,  carbonate,  properties  and 
composition  of     -        -        -        -  135 
oxide,  properties  and  com- 
position of           •        -  135 
separation  of,    from     bis- 
muUi-        -                -  382 
from   cop- 

per     -  832 
from  lead  831 
frt)m  mer- 
cury   -  332 
from  silver  828 
from    the 
basesof  the  groups  I.  to  IT.  322 
sulphuret         -        -        -  185 
Calculation  of  Analysis  -        -        -  438 
Carbonic  acid  (determination  of)        -  258 
separation  of,  from  bases  258 
separation  of,  from  all 
other  acids       -        -  851 
Chloric  acid,  determination  of  -        -  284 
separation  of,  from  bases  284 
frx>m  nitric 

acid      •  359 
frY)m  other 

acids    -  358 

Chloride  of  ammonium  and  platinum  104 
of  ammonium,  properties  and 

composition    -        -        -  103 

of  ammonium  (as  reagent)    -  83 

of  barium  (as  reagent)          -  85 

of  calcium  (as  reagent)         -  88 


Chloride  of  lead,  properties  and  com- 
position of     -         -        -  127 
of  lime,  examination  of        -  871 
of  magnesium  (as  rea^nt)  •  88 
of  potassium,  properties  and 

composition  of         -        -  lOO 
of  potassium  and  platinum, 

properties  and  composition  101 

of  silver    -        -        -        -  125 

of  sodium  -        -        •        -  103 

Chlorhnetry 371 

Chlorine  (as  reagent)       -        -        -  85 

determination  of        -        •  265 

separation  of,  from  metals   •  267 

Chromic  acid,  determination  of         -  239 

separation  of,  frvm  bases  240 

Chromium,  oxide,   determination  of  177 

properties      and 

compositionof  118 
separation  of,  from 

the  alkalies  -  299 
separation  of,  from 
the      aftaline 

earths  -        -  299 
separation  o^  fitim 

alumina       -  299 

Cobalt,  properties  of        -        -        -  121 

separation  of,  from  the  alkalies  800 
the  alkaline 

earths  -  302 
alumina    -  304 
manganese  315 
nickel       -  311 
oxide  of 
chromium  305 
Cobttlt,  hydrated  protoxide,  determina- 
tion of        188 

protoxide,  determination  of  -  121 
sulphuret    -        -                 -  121 
Copper  (as  reagent)         -        -        -  BS 
separation  of,  from  bismuth  -  331 
from  lead        -  331 
from  mercury  -  829 
from  silver       -  327 
fit)m  the  bases  of 
the  groups  I. 
toIV.-        -  322 
oxide  of,  (as  reagent)    -        -  90 
determination  of     -  215 
properties  and  com- 
position of  -        -  131 
turnings  (as  reagent)    -        -  93 

Crushing 33 

Cyanide  of  potassium  (as  reagent)     -  85 
silver,  properties  and  com- 
position of-        -        -  125 
Cyanogen,  separation  of,  from  chlorine, 
bromine,  and  iodine    -        >        .  356 
separation  of,  from  metals  272 
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D.  PAGB 

Decantation 64 

Directions  for  weighing  substances     23,  96 

Disintegration,  mechanical        -        -  82 

Drying  apparatus  -        -        -        -  37 

Drying  of,  piedpitates  to  be  weighed  74 

E. 

Elementary  analysis,  organic  -      ^  -    379 

analysis,  organic,  of  bodies 
containing  chlorine       -    423 

analysis,  organic,  of  bodies 
containing  sulphur      -    422 

analysis,  organic,  of  bodies 
free  from  nitrogen  which 
are  volatile  or  change 
at212*»      -        -        -    401 

analysis,  organic,  of  fixed 
easily  combustable  sobd 
bodies  free  from  nitro- 
gen   -        -        •        -    386 

analysis,  organic,  of  fixed 
difficultly  combustible 
solid  bodies  free  from 
nitrogen    -        -        -    400 

analysis,  organic,  of  fixed 
liquids  free  firam  nitro- 
gen   -        -        -        -    405 
dysis,  organic,  of  nitro- 
geneous  bodies    -        •    407 

andysis,  organic,  of  sub- 
stances containing  inor- 
ganic bodies        -        -    424 

analysis,  organic,  of  volatile 

liquids  fr^from  nitrogen    403 

Ether  (as  reagent)  -        -        -        -      82 

Eyaporation  -----      67 

Exsiccation  in  general     -        ,        -      34 

P. 

Perrocyanogen  compound8,analysis  of  278 

Piltering  apparatus         -        -        -  65 

stands     -        -        -        -  67 

Filtration      -----  65 

Fluoride  of  calcium  (as  reagent)        -  88 

properties      and 

composition  of  146 

Fluorine,  separation  of,  from  metels    -  f  57 

from  silicic  acid 

and  silicates  349 

Funnels        -----  66 

G 

German  silver,  analysis  of      -        -  550 
Gold  properties      -        -        -        -  1 36 
sepaiation  of  from  copper,  bis- 
muth, and  cadmium      -        -  837 


gen 
analysie 


PAOI 

Gold,  separation  of,  from  lead  and  bis- 
muth      -        -  337 
firom  mercury       -  337 
from  silver  -         -  836 
from  the  bases  of 

thegroupsI.toIV.  322 

from  the  bases  of 

the  fifth  group  335 

chloride  (as  reagent)         -        -  86 

oxide,  determination  of    -        -  224 

Ghm  metal,  analysis  of    -        -        -  549 

Gunpowder,  analysis  of  -        -        -  550 


Heating  of  salts  obtained  by  evapora- 
tion            60 

to  redness,  of  precipitates  to 

be  weighed    -        -        -  96 

Hydriodic  acid,  determination  of      -  269 
separation    of,  from 
acids  of  the  fifth 

group         -        -  352 
Hydrobromic  acid,  sepaiation  of,  firom 

acids  of  the  first  ffroup          -        -  352 

Hydrochloric  acid  (as  reagent)         -  82 

determination    of  265 
separation  of  from 
acids    of    the 

first  group     -  352 

Hydrocyanic  acid,  determination  of  •  271 
separation  of  from 
bases  of  the  first 

group          -        -  352 

Hydrofluoric  acid,  determination  of-  256 

Hydrofluosilicic  acid  (as  reagent)     -  86 

Hydrogen  (as  reagent)             -        -  90 

Hydrosulphuret  of ammonia(as  reagent)  85 

I. 

Iodide  of  silver  (properties  and  com- 
position of)         -        -        -        -  1 48 
lodme,  determination  of          -^        -  269 
separation  of  from  chlorine    -  355 
bromine  and  chlorine,  separa- 
tion of    -        -        -        .  356 
separation  of,  firom  metals      .  270 
Iron,  separation  of,  firom  alkalies        -  301 
alkaline  earths  301 
alimiina     -    -  303 
cobalt    -        -  307 
manganese     -  806 
nickel    -        -  806 
oxide  of  chro- 
mium        -  305 
zinc       -        -  806 
chloride  (as  reagent)        -        -  88 
oxide,  determination  of    -        -  192 
I                    properties  &  composition  of  122 
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Iron,  phosphate,  properties  ftcompontion  1 44 
protoralphate  (as  rea^nt)         -  86 
protoxide  (determination  of)     -  191 
separation  of  from  pro- 
toxide          -        -  808 
succinate,  properties  and  com- 
position of  •        -                 -  123 


Lead,  sepaiation  of,  from  mercniy  - 
silrer 

the  bases  of 
the  groups 
I.  to  IV.  - 
acetate  (as  reagent)  -      - 

arseniate,  properties  and  com- 
position of         •        -        - 
carbonate      .        -        .        - 
chromate       .... 
(as  reagent) 


828 
826 


822 

88 

141 
126 
148 
91 


oxalate,  propertiM&composition  ofl  26 


oxide  of,  as  reagent 

determination  of 
properties  and  com- 
position 
phosphate  of 
sulphate  of    - 
Levigating  dishes   - 
Levigation 
Lime,  determination  of 

separation  of  from  baryta 

potash  and 

soda 
strontia 
carbonate  of  (as  reagent) 

properties  &  com- 
position of     • 
oxalate  of     -        -        -        - 
sulphate  of  ... 


88 
205 

126 
148 
127 
32 
82 
166 


292 

294 
86 

108 
109 
108 


Magnesia,  determination  of  -170 

properties  &  composition  of  112 
separation  of,  from  barytes 

&  Btrontia  295 

lime  •        -  295 
potass  &  soda  292 
pyrophosphate    properties 

and  composition  of       -  111 
sulphate  of      -        -        -  110 
HangaDese,sepantion  of  from  alkalies  800 
alkaline  earths  801 
alumina        •  808 
oxide  of  chro- 
mium       -  305 
zinc     -        -  317 
carbonate  (properties  and 
composition  of)  -        -  117 


PAOI 

Manganese  ores,  examination  of       -  31 8 
protoxide,  determination  of  182 
hydrated,  pro- 
perties &,  com- 
position of     -  117 
sulphate        -        -        -  118 
sulphuret       -        •        -  118 
Manganoso-manganic  oxide,  proper- 
ties and  composition  of         •        -  118 
Measures        ...        -        -  26 

Measuring 25 

Mercury,  properties  of    -        -        -  1 29 
separation  of,  from  all  me- 
tals, the  chlorides  of  which 

are  not  volatile                  -  828 

separation  of,  from  silver  -  824 
the  base  of  the 

groups  I.  to  ly.  328 

chloride  (as  reagent)         -  86 

oxide  (as  reagent)      -  86 

oxide,  determination  of  210 
protocfaJoride,      properties 

and  composition  of  129 

protoxide  determination  of  210 
protoxide,  separation  of,  from 

peroxide  of  mercury     -  380 

sulphuret,   properties   and 

composition  of      -        -  130 

Mineral  waters,  analysis  of      -        -  469 

Mortars 33 

N. 

Nickel,  separation  of,  from  alumina  304 
oxide  of  chromium  304 
ainc    -        -        •  817 
protoxide,    determination  of  185 
properties    and 
composition  of-  119 
separation  of,  from 
the  alkalies    -  30O 
of,  from  the  al- 
kaline earths  302 
Nitric  acid  (as  reagent)  -        -        -  82 
determination  of        -  279 
separation  of,  fnm  bases  282 
from  other 
acids    -  858 
Nitrogen,  properties  of    -        -        -  1 04 
determination  of  in  oiganic 
substances            -        -  407 
Nitromuriatic  acid  (as  reagent)        -  83 
Nitroso-nitric  acid  (as  reagent)        -  82 

0. 

Oil-baths 43 

Operations     -        -        -        -        -  1 1 
Oiganic  substances,  examination  of, 

for  inorganic  constituents  384 
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Organic  substances,  examination  of, 
for  nitrogen,  sulphur,  and 

phosphorus           -        -  882 
Oxalic  aeid,  determination  of  -        -254 

separation  of,  firom  bases  255 
from  boracic  acid  and 

phosphoric  add  -  847 
Oxides  of  the  4th  flToup,  sepaiiition 

of,  from  one  anotoer                   -  306 

P. 

Palbdium,  protochloride  (as  reagent)  88 
protiodide  of,  properties  and 

composition  of     -        -  148 

Phosphoric  acid,  determination  of    -  244 
separation  of,  firom 

the  bases   -        -  245 

of,from  chromic  acid  847 
Phosphorus,  determination  o^  in  or^ 

ganic  substances          -        -        -  882 
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Silicates,   fluorides,  and  phosphates, 
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Silicic  acid,  determination  of   -        -  262 

properties  and  composition  146 

separation  firom  all  other 
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fluorine  347 


Silicofluoride  of  barium,  properties 
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Silver,  properties  of         -        -        -  124 
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oxide,  determination  of         -  197 
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PATHOLOGY  OF  THE  HUMAN  ETE. 

Illustrated  in  a  Series  of  Coloured  Plates,  from  Original  Drawings. 

By  JOHN  DALRYMPLE,  F.R.S,  F.R.C.S. 

FaKicnli  I.  to  V.     Imperial  Quarto,  20«.  each.     To  be  compleied  m  Nine  Numbers, 

"  The  fldelitj  of  the  delineations  is  only  equalled  hj  the  exquisite  beauty  of  the  execution.  The  value 
of  the  plates  is  greatly  enhanced  by  the  excellent  instructions  for  treatment,  which  are  laid  down  with 
simplicity  and  dearneas;  and  the  work,  when  completed,  will,  in  our  judgment,  be  the  noblest  contribu- 
tion to  ophthalmic  science  which  this  country  has  ever  produced."— LofM^on  Journal  of  Medicine, 

"  The  Talue  of  this  work  can  scarcely  be  orer  estimated.  We  shall  recur  to  it,  and  point  out  more  in 
detail  its  peculiar  features, — it  realises  all  that  we  believe  it  possible  for  art  to  effect  in  the  imitation  of 
nature."— BfiMt*  and  Foreign  Medieo-CMrurgieal  Review. 


SUSGICAL   ANATOMT. 

A  Series  of  Dissections,  illustrating  the  Principal  Regions  of  the  Human  Body. 

By  JOSEPH  MACLISE,  M.R.C.S. 

FaacicuU  I.  to  VI.     Imperial  Folio,  5s.  each.     To  be  completed  in  Eight  Numbers, 

"  As  a  surgical  anatomist,  Mr.  Maclise  has  probably  no  superior.  This  work  bids  fair  to  redeem  our 
country  from  the  stigma  of  possessing  no  onginal  work  on  surgical  anatomy.*' — BrUiek  and  Foreign 
Medieo-CMrurgieal  Review, 

"  It  is  impossible  to  glance  at  this  public^on  without  some  feeling  of  surprise.    The  work  will 


certainly  be  the  cheapest  in  the  way  of  anatomical  illustration  that  has  appeared  in  this  country." — 
MediadaaMetU, 

"  One  of  the  cheapest  works  we  have  ever  known  issued  from  the  medical  press.  It  wiU  be  of  great 
value  to  the  student  engaged  in  dissecting,  and  to  the  surgeon  at  a  distance  from  the  means  of  keeping 
up  his  anatomical  knoiriedge."—Jlfe(ttca/ Times. 


PORTRAITS   OF   SKIN  DISEASES. 

By  ERASMUS  WILSON,  F.R.S. 
Fasciculi  I.  to  VII.,  20«.  each. 

"  May  be  truly  designated  a  splendid  performance.  We  can  scarcely  speak  too  strongly  of  the  merits 
of  this  work."— Bn'^  and  Foreign  Medieo-Chirurgical  Review. 

"  We  have  never  before  seen  a  work  more  beautifully  got  up — they  excel  all  other  plates  of  diseases 
of  the  skin  that  have  ever  been  published."— Lancet. 

"  It  is  impossible  to  speak  too  highly  of  the  beauty  of  these  portraits— they  constitute  an  undoubted 
proof  of  the  superiority  of  British  art."— Jfon/A/y  Medical  Joumai. 
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of  diseases  of  the  skin."— Jlfe<ttear(7ajre//e. 
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for  Works  published  in  Fasciculiy  from  an  apprehension  of  their  non-com- 
pletiony  or  of  a  falling  off  in  the  "getting  up,^  Air.  Churchill  trusts  his 
assurance  will  be  received^  that  no  Subscriber  shaU  have  to  accuse  him  of 
not  completing  these  Worksy  and  that  in  every  respect  equal  to  the  first 
4    Numbers.  9 
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EDITED    BT     DR.    QRBENHILL. 


ADDRESS  TO  A  MEDICAL  STUDENT.     18mo.  cloth,  3*.  6rf. 

IL 

PRAYERS  FOR  THE  USE  OF  THE  MEDICAI  PROFESSION,  aoth,  1*.  M. 

m. 

LIFE  OF  SIR  JAMES  STONHOUSE,  BART.,  M.D.     aoth,  4«.  U. 
ANECDOTA  SYDENHAMTANA.    Second  Edition.     18mo.  2». 
LIFE  OF  THOMAS  HARRISON  BURDER,  M.D.    18mo.  cloth,  4*. 

VL 

BURDENS   LETTERS  FROM   A    SENIOR    TO    A   JUNIOR    PHYSICL\N, 

PROMOTma  THE   RELIGIOUS   WELFARE   OF   HIS   PATIENTS.        18mO.  SCWCd,  6</. 
VIL 

i    LIFE  OF  GEORGE  CHEYNE,  M.D.    18mo.  sewed,  2*.  6rf. 

VIII. 

HUFELAND  ON  THE  RELATIONS  OF  THE  PHYSICIAN  TO  THE  SICK, 

TO  THE  PUBLIC,  AND  TO  HIS  COLLEAGUES.    ISmo.  sewed,  M. 

GISBOENE  ON  THE  DUTIES  OF  PHYSICIANS.    18mo.  aewed,  1*. 

X. 

LIFE   OF  CHARLES  BRANDON  TYRE.     18mo.  sewed,  U. 

XI. 

PERCmrS  MEDICAL  ETHICS.    Third  Edition.     18mo.  cloth,  3«. 

XII. 

CODE  OF  ETHICS  OF  THE  AMERICAN  MEDICAI  ASSOCIATION.    W. 

xni. 

WARE  ON  THE  DUTIES  AND  QUALIFICATIONS  OF  PHYSICIANS.    8d. 

XIV. 

MAURICE  ON  THE  RESPONSIBILITIES  OF  MEDICAL  STUDENTS.    9* 
ERASER'S  QUERIES  IN  MEDICAL  ETHICS.    9dL 


DR.    WILLIAM    ADDISON,    F.R.8,    F.L.S. 

ON  HEALTHY  AND  DISEASED  STEFCTUIIE,  aud  the  Teot 

PRINCIPLKS  OP  Treatment  for  the  Curb  op  Disease,  especially  Consumption 
AND  ScROPULA,  founded  on  Microscopical  Analysis.    8vo.  cloth,  12*. 
"  A  work  deaemng  the  peruMl  of  every  one  interested  in  the  late  rapid  adTance  of  phTuolosy  and 
'paiaio\o^.**^MedicO'ChirurgiB€a  Review.  r  ^      -^ 

"  It  u  incumbent  upon  us  to  ezprcM  our  dedded  sente  of  the  value  of  this  work,  and  to  asniTe  thoae 
]  [      readers  who  are  willing  to  follow  Dr.  Addison  through  his  somewhat  profound  and  difficult  microecopic     T 
T       and  pathological  studies,  that  they  will  find  this  volume  replete  with  observations  of  neat  interest."—      ^ 
Monthly  Medical  Journal,  ^ 

Conscious  that  we  have  scarcelv  done  justice  to  the  talents  and  industir  displayed  in  this  work,  we 
do  not  doubt  that  those  best  qualilied  to  judge  of  its  merits  will  give  it  the  high  nuoik  in  the  literature  of 
our  profession  which  it  so  richly  deserves."— JtfetftcoJ  Oazetie. 
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ME.  Churchill's  publications. 


MR.    ANDERSON,    F.R.O.8. 

ECCENTRIC    NERYOUS    AFFECTIONS;    their  Causes,  Symptoms, 
and  Treatment.    8vo.  cloth,  St. 


DR.   JAMES    ARNOTT.. 

L 

ON    INDIGESTION ;   its  Pathology  and   its  Treatment,  by  the  Local 

Application  of  Uniform  and  Continuous  Heat  and  Moisture.  With  an  Account  of  an 
improTed  Mode  of  applying  Heat  and  Moisture  in  Irritative  and  Inflammatory  Diseases. 
With  a  Plate.    8vo.  5*. 

PEAOTICAL   ILLUSTEATIONS   OF   THE   TREATMENT  OF 

OBSTRUCTIONS  IN  THE  URETHRA,  AND  OTHER  CANALS,  BY  THE 
DILATATION  OF  FLUID  PRESSURE.    8vo.  boards,  3s. 


MR.     ATKINSON. 

MEDICAL  BIBLIOGRAPHY.     Vol.  I.     Royal  8vo.  16*. 

"  We  have  never  encountered  so  sin^;ular  and  remarkable  a  book.  It  unites  the  German  research  of 
a  Flouquet  with  the  ravings  of  Rabelais,— the  humour  of  Sterne  with  the  satire  of  Demoeiitus,— the 
learning  of  Burton  with  the  wit  of  Pindar." — Dr.  Johnson^a  Retfiew. 

"  In  Mr.  Atkinson,  I  have  found  a  gentleman,  and  a  man  of  varied  talent,  ardent  and  active,  and  of 
the  most  overflowing  goodness  of  heart.  In  his  retirement  from  an  honourable  profession  (Medicine  and 
Surgery),  he  knows  not  what  the  slightest  ^>prozimation  to  ennui  is.  The  heartiest  of  all  the  octoge- 
narians I  ever  saw,  he  scorns  a  stretch,  and  abhors  a  gape.  It  is  'up  and  be  doin^ '  with  him  from  sun- 
risinsr  to  sunset.  His  library  is  suffocated  with  Koburgers,  Frobens,  the  Ascensii,  and  the  Stephens." 
—Dihdin*$  Northern  Tour. 

MR.     BATEMAN. 

MAGNACOPIA :  a  Practical  Library  of  Profitable  Knowledge,  commu- 
nicating the  general  Minutiae  of  Chemical  and  Pharmaceutic  Routine,  together  with  the 
generality  of  Secret  Forms  of  Preparations;  including  Concentrated  Solutions  of  Camphor 
and  Copaiba  in  Water,  Mineral  Succedaneum,  Marmoratum,  Silicia,  Terro-Metallicum, 
Pharmaceutic  Condensions,  Prismatic  Crystallization,  Crystallized  Aromatic  Salt  of  Vine- 
gar, Soda,  Seltzer  and  all  Spa  Waters;  for  Bottling  without  the  Use  of  Machinery; 
newly-invented  Writing  Fluids ;  Etching  on  Steel  or  Iron ;  with  an  extensive  Variety  of 
et  ecrtera.    Third  Edition.     ISmo.  6«. 


MR.     BEASLEY. 

THE  DRUGGISTS'   GENERAL  RECEIPT-BOOK:   comprising  a 

copious  Veterinary  Formulary  and  Table  of  Veterinary  Materia  Medica ;  Patent  and 
Proprietary  Medicines,  Druggists*  Nostrums,  &c. ;  Perfumery,  Skin  Cosmetics,  Hair 
Cosmetics,  and  Teeth  Cosmetics ;  Beverages,  Dietetic  Articles,  and  Condiments ;  Trade 
Chemicals,  Miscellaneous  Preparations  and  Compounds  used  in  the  Arts,  &c;  with 
nsefiil  Memoranda  and  Tables.     18mo.  cloth,  6t. 

THE    POCKET    FORMULARY    AND    SYNOPSIS    OF   THE 

BRITISH  AND  FOREIGN  PHARMACOPCEIAS ;  comprising  standard  and 
approved  Formulas  for  the  Preparations  and  Compounds  employed  in  Medical  Practice. 
Fourth  Edition,  corrected  and  enhugcd.     18mo.  cloth,  6«. 


^    '  Extremely  useful  as  an  adjunct  to  the  shop  library ;  a  pcHcket  Pharmacopceia  Universalis, 
^1     in  addition  to  the  officinal  formulae,  those  magutral  preparations  whidi  are  so  continually  required 
1^    hands  of  the  dispenser." — Ann«Us  of  Cheminry  ana  Pfumnaey. 
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OR.    QOLDINQ    BIRD,    F.R.S. 
L 

URINAEY  DEPOSITS;   THEIR  DIAGNOSIS,   PATHOLOGY, 

AND  THERAPEUTICAL  INDICATIONS     With  Engiavinga  on  Wood.       Third 
Edition.     In  the  Press, 

**  A  Tolume  calculated  to  be  of  great  utility  to  the  numerous  class  of  practitioners  who  are  at  tlus  i 
ennged  in  the  study  of  urinary  diseases.     It  contains  erery  necessary  instruction  to  distinffuisf 
different  varieties  of  urinary  deposits,  both  by  means  of  the  microscope  and  chemical  tests.     TJhe  ( 
ment  is  very  skilfully  displayed,  and  the  chapter  on  therapeutics  contains  views  regarding  the  action  of 
diuretics  of  great  practical  importance." — Dublin  MedietU  Journal. 

II. 

ELEMENTS  OF  NATUEAL  PHILOSOPHY;  being  an  Experimental 

Introduction  to  the  Study  of  the  Physical  Sciences.     Illustrated  with  nam^rous  Elngrav* 
ings  on  Wood.     Third  Edition.     Foolscap  8yo.  cloth,  12«.  ^d. 

"  We  rejoice  to  see,  in  the  continued  demand  for  this  excellent  Manual,  an  evidence  of  the 
attention  which  is  being  paid  to  the  study  of  physical  science  as  a  branch  of  general  eduotion. 
know  of  no  treatise  which  contains  within  so  narrow  a  compass  so  large  an  amount  of  valuable  inf< 
tion  so  clearly  and  concisely  expressed."— Bn'MsA  and  Foreign  Mediat-Chirwrgical  Review. 

"  By  the  appearance  of  Dr.  Bird's  work,  the  student  has  now  all  that  he  can  desire  in  one  neat, 
concise,  and  well-digested  volimie.  The  elements  of  natural  philosophy  are  explained  in  very  simple 
language,  and  illustrated  by  numerous  wood-cuts."— Jlfe<ftca/  Qazette. 


We 


"  This  work  teaches  us  the  elements  of  the  entire  circle  of  natural  philosophy  in  the  clearest  and  i 
perspicuous  manner.  Light,  magnetism,  dynamics,  meteorologv,  electriaty,  &c.  are  set  before  us  in 
such  simple  forms,  and  so  forcible  a  way,  that  we  cannot  help  understanding  their  laws,  their  operation, 
and  the  remarkable  phenomena  by  which  they  are  accompamed  or  signified."— Ltto'aty  QoMeUt. 


DR.    O'B.    BELLINQHAM. 

ON  ANEUEISM,  AND  ITS  TEEATMENT  BY  COMPRESSION. 

l2nio.  cloth,  4«. 

"  In  our  opinion,  he  has  conferred  a  signal  benefit  xvpon  the  art  of  surgery  by  his  improvement  of  tbe 
mode  of  employing  pressure,  and  upon  the  science  by  his  ingenious  and  philosophical  exposition  of  its 
operation."— if ecMCO-CAtrur^rieai  Review. 


OR.     HENRY     BENNET, 

OBSTKTaiC   PHT8ICIAM   TO  THB   WB8TKBM   DISPBNSAET. 

A  PRACTICAL  TREATISE  ON  INFLAMMATION   OF  THE 

UTERUS  AND  ITS  APPENDAGES,  AND  ON  ULCERATION  AND  INDU- 
RATION OF  THE  NECK  OF  THE  UTERUS.     Second  Edition.     8vo.  cloth,  \2s. 

"  When,  a  few  vears  back,  the  first  edition  of  the  present  work  was  published,  the  subject  was  one 
almost  entirely  unknown  to  the  obstetrical  celebrities  of  the  day ;  and  even  now  we  have  reason  to  know 
that  the  bulk  of  the  Profession  are  not  fully  alive  to  the  importance  and  frequency  of  the  disease  of 
which  it  takes  cognisance.  The  present  edition  is  so  much  enlarged,  altered,  and  improved,  that  it  can 
scarcely  be  considered  the  same  work." — Dr.  Ranking**  Abstract. 
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DR.    JAMES    BIRD, 

LATB   PHYBICIAlf-GBNBBAL,   BOMBAY   ABMT. 

?    THE  INFLUENCE  OF  TROPICAL  AND  EXTRA-TROPICAL   ? 

CLIMATES  ON  EUROPEAN  CONSTITUTIONS  ;  and  the  Practical  Application 
of  the  Principles  of  Hygiene  to  the  Preservation  of  Health,  and  the  Cure  of  Diseaaes 
among  Adults  and  Children  in  both  Climates.     8vo.     Preparing. 
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DR.    BLAKI8TON,    F.R.8. 

LATB  PHTSICIAlf  TO  TBB  BIBMIUQHAII   GBIfBBAL  HOSPITAL. 

PRACTICAL  OBSERVATIONS  ON  CERTAIN  DISEASES  OF 

THE  CHEST;  and  on  the  Principles  of  Auacnltation.    8yo.  cloth,  12t. 

'*  From  the  tenor  of  our  notice  of  this  work,  oar  favourable  opinion  of  it  may  be  gathered ;  and  we 
cannot  but  recommend  our  reader*  to  add  it  to  their  libraries.* '—LaiMr«/. 

"  The  importance  of  the  subjects  treated  of  most  plead  our  excuse  for  so  lengthened  an  analysis  of 
the  work.  We  hare  derived  much  pleasure  and  instruction  from  its  perusal,  and  we  warmly  recommend 
it  to  the  notice  of  the  profession."— DuftA'n  Medical  Journal. 


MR.    JOHN    E.   BOWMAN. 

DBMONSTBATOB  OV  CHBlflSTBT   IN    KINO'S  COLLBOB,   LOIIItOlf. 
I. 

AN  INTEODTJCTION  TO  CHEMISTET;   with  nmnerons  lUostrations 
on  Wood.     Foolscap  Syo.  cloth,  6s.  6d, 

**  One  of  the  most  complete  manuals  that  has  for  a  long  time  been  given  to  the  diemical  student 
Every  process  is  indicated  with  clearness,  and  the  manipulatory  details  are  assisted  by  an  extensive  series 
<tf  woodcuts."— il/AaiMim. 

"  The  best  introductory  work  on  the  snbtect  with  which  we  are  acquainted.  Tlie  definitions  contained 
in  it  are  unusually  happy."— JfoM/A/jr  Medical  Journal. 

A  PRACTICAL  HAND-BOOK  OF  MEDICAL  CHEMISTRY;  with 

Illustrations  on  Wood.   Foolscap  Svo.  cloth.     St.  6d. 

"  We  have  examined  this  treatise,  and  we  can  recommend  it  to  the  student 'as  a  useful  elementary 
guide.    The  illustrations  are  numerous  and  accurate,  and  well  calculated  to  aid  diagnosis."— JIf e<ttcaf 


MR.    I8AAO    B.    BROWN. 

\     ON  SCARUTINA;  AND  ITS  SUCCESSFUL  TREATMENT. 

Post  Svo.  cloth,  4«. 


DR.    BUDD,    F.R.8. 

PBOPBBSOB    OP    MBOICINB    IN    KIKO'S    COLLBOB,    LOKDOff. 

ON  DISEASES  OF  THE  LIVER 

lUostiated  with  Coloured  PUttes  and  Engravings  on  Wood.    8vo.  cloth,  14«. 

"We  cannot  too  strongly  recommend  the  diligent  study  of  this  volume.  The  work  cannot  fail  to 
rank  the  name  of  its  author  among  the  most  enlightened  pathologbts  and  soundest  practitioners  of  the 
^j."^Medieo-Chintrgieal  Beeimo. 

"  We  have  thus  brought  to  a  condunon  our  notice  of  Dr.  Budd's  able  and  practical  volume.  We 
have  no  hesitation  in  pronoundns  it  an  opportune  and  useful  publication ;  and  we  do  not  doubt  that 
the  tolerably  fiill  digest  which  we  have  given,  and  the  quotations  we  have  made,  wUl  induce  our  readers 
to  seek  in  the  work  itself  that  large  amount  of  pathological  facts  and  inductions  which  we  confidently 
promise  them."— BH^isA  and  Foreign  Medical  Review. 


MR.    H.    T.    OHAPMAN,    P.R.O.8. 

ON  THE  TREATMENT  OF  ULCEES  OF  THE  LEG  WITHOUT 

CONFINEMENT;  with  an  Inqoiiy  into  the  beet  Mode  of  effecting  the  Pennanent 
Core  of  Varicose  Veins.     Post  8vo.  cloth,  5s. 

**  Mr.  Chapman  has  done  much  by  directing  the  attention  of  the  profession  to  the  advantages  of  this 
combined  treatment.  We  have  read  his  work  with  much  pleasure,  and  have  used  the  compress,  straps 
of  linen,  and  roller,  as  directed,  and  have  found  them  to  answer  admirably  well."— jDiiMm  Quarterip 
Medical  Journal. 


-*e- 


arterlp      ^ 


SIR    JAMES    CLARK,    M.D.,    BART. 

PBT8ICIAN  TO  THB  aUKBM. 

THE  SANATIVE  INFLUENCE  OF  CLIMATE    With  an  Account 

of  the  Principal  Places  reeorted  to  by  Invalids  in  England,  South  of  Europe,  the  Oolo- 
nies,  Ac     Fourth  Edition,  revised.     Post  8vo.  cloth,  10».  6rf. 

EXTRACT   PROM    PRBFACB. 

"  In  the  successive  editions  of  this  work,  I  gave  such  additional  information  as  I  had  been 
able  to  collect  firom  authentic  sources  in  the  intervals  of  publication.  The  present  edition 
will,  I  trust,  be  found  in  all  respects  a  material  improvement  on  its  predecessors.  E-v'ezT' 
article  in  the  work  has  been  carefhlly  revised ;  and  although  I  have  seen  no  reason  to  change 
my  opinions  on  the  characters  of  the  different  climates  treated  of,  the  information  I  lut^e 
continued  to  receive  firom  others,  added  to  my  own  increasing  experience,  has  enabled  me 
with  more  confidence  and  precision  to  lay  down  rules  respecting  the  adaptation  of  certain 
climates  to  the  cure  of  particular  diseases.  In  its  present  state,  it  will,  I  hope,  be  fooncl, 
what  it  has  been  my  desire  to  make  it,  a  manual  to  the  physician  in  selecting  a  proper 
climate  for  his  patient,  and  a  guide  to  the  latter  when  no  longer  under  the  direction  of  his 
medical  adviser." 


DR.    Q.    O.    CHILD. 

ON  INDIGESTION,   AND  CERTAIN  BILIOUS  DISORDERS 

OFTEN   CONJOINED  WITH   IT.     To  which  are  added,  Short  Notes  on  Diet- 
8vo.  cloth,  5».  6d. 

"Dr.  Child  hM  written  a  very  seniible  hook.    Notwithstuiding  the  triteness  of  the  rabject,  we  Iiav*e 
lermblc '         ""        


MR.    SAMUEL    TAYLOR    COLERIDQE. 

THE  IDEA  OF  LIFE.    Edited  by  Seth  B.  Watson,  M.  D.     PostSvo. 

doth,  4«. 

"  We  shall  conclude  our  notice  of  this  interesting  work,  by  citing  a  beautiful  paance,  whidi  will  show 
how  truly  one  really  great  genius  can  estimate  another  <rf  a  far  different  order  (John  Hunter)."— JtfecUeo- 
CMrwgicai  Review, 

"This  book  is  one  of  the  finest  of  the  late  Mr.  Coleridge's  philoaophical  essavs.  The  internal 
evidence  is  sufficient  to  establish  its  authorship.  Both  in  matter  and  form  it  is  indubitably  Colridgeaa. 
The  work  demands  and  deserves  the  studious  and  earnest  perusal  of  the  philosophic  reader." — 
Athen^um. 


DR.    CONOLLY, 

PILLOW  OF  THB  BOTAL  COLLBGB  OP  PHTSICIANS  OP  LOICUOH,  AND   PBTSICIAM   TO  TUB 
MIDDLBSBX   LUNATIC   ASTLUM   AT   HANWELL. 

THE   CONSTRUCTION   AND   GOVERNMENT   OF  LUNATIC 

ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.     With  Plans.    PostSvo. 
cloth,  6«. 

MR.    W.    >A^HITE    COOPER. 

PRACTICAL  REMARKS  ON  NEAR  SIGHT,   AGED  SIGHT,    .. 

AND  IMPAIRED  VISION.    Post  8vo.  cloth,  7«. 


We  would  recommend  a  perusal  of  Mr. 

of  which  it  treats  ^  to  tne  consumer  of  midnight  oil ;  to  the  philanthropist,  und  especially  to  the 


r*s  work  to  all  who  are  suffering  from  the  deflects  of 


nxtdieal  practitioner."— Prootncial  Medical  Jowtnat, 
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MR.  Churchill's  publications.  m 

DR.    OARPENTER,    F.R.8. 

L 

PEINCIPLES  OF  HUMAN  PHYSIOLOGY,  with  their  chief  AppU- 

cations  to  PATHOLOGY,  HYGIENE,  and  FORENSIC  MEDICINE.  With 
numerouB  lUnatrations  on  Steel  and  Wood.  Third  Edition.  One  thick  volome,  Svo. 
doth,  21«. 

"The  '  Principles  of  Oenenl  and  Comparative  Phjrsiology '  of  Dr.  Carpenter,  which  have  just  entered 
upon  a  new  edition,  and  which  we  have  had  occasion  to  mention  with  commendation  in  our  uwt  volume, 
had  already  opened  the  path  to  the  extension  of  the  labours  of  that  author  into  the  more  important 
department  or  Human  Physiology.  The  able  manner  in  which  the  subject  of  Comparative  Physiology 
was  handled,  the  enlarged  and  elevated  views  entertained  by  the  author,  at  once  pointed  to  Dr.  Car- 
penter as  the  vmter  b^  whom  the  obvious  want  in  the  field  of  Human  Physiology  was  to  be  supplied  .  .  . 
In  conduding  our  notice  of  this  volume,  we  do  so  by  recommending  it  most  strongly  to  our  rnuiers,  and 
especially  to  our  young  friends  who  axe  preparing  a  foundation  upon  which  to  ouild  thdr  reputation 
and  future  success  in  life.  The  volume  is  oeaut^fully  got  up ;  it  will  form  an  ornamental  addition  to 
the  study  and  Ubrary."— Lan^e/. 

II. 

PEINCIPLES  OF  GENEEAL  AND  COMPAEATIVE  PHTSI- 

OLOGY ;  intended  as  an  Introduction  to  the  Study  of  Human  Physiology,  and  as  a 
Guide  to  the  Philosophical  Pursuit  of  Natural  History.  Illustrateid  with  numerous 
Engravings  on  Wood.    Third  Edition.     In  tJia  Press, 

"  I  recommend  to  your  perusal  a  work  recently  published  bv  Dr.  Carpenter.  It  has  this  advantage, 
it  is  veiT  much  up  to  the  present  state  of  knowledge  on  the  subject.  It  is  written  in  a  dear  style,  and 
is  well  iUustrated."— Pro/estor  Sharpey*a  Introductory  Lecture, 

"  In  Dr.  Carpenter's  work  will  be  found  the  best  exposition  we  possess  of  all  that  is  furnished  by 
comparative  anatomv  to  our  knowledge  of  the  nervous  system,  as  well  as  to  the  more  general  prindples 
<rf  life  and  organisation."— Dr.  Holland's  Medical  Notes  and  Ructions. 

**  See  Dr.  Carpenter's  '  Prindples  of  General  and  Comparative  Physiology,'— a  work  which  makea  me 
proud  to  think  he  was  once  my  pupU."— I>r.  EUiotson*s  Physiology, 

IIL 

A  MANUAL  OF  PHYSIOLOGY,  including  Physiological  Anatomy, 
for  the  use  of  the  Medical  Student  With  numerous  Illustrations  on  Steel  and  Wood. 
Foolscap  8to.  cloth,  12s.  6(2. ' 

"Without  question,  the  best  manual  or  short  treatise  on  Physiology  extant." — Brt/itA  and  Foreign 
Medical  Review. 

"  A  highly  scientific  and  philoaophical  treatise ;  rich  in  novd  and  valuable  fSsets." — Medical  Qanette. 


SIR    A8TLEY    COOPER,    BART.,    F.R.8. 

A  TEEATISE  ON   DISLOCATIONS   AND   FRACTURES  OF 

THE  JOINTS.    New  Edition,  much  enlarged.    Edited  by  BRANSBY  B.  COOPER, 
F.R.S.     With  126  EngraTings  on  Wood,  by  Baog.    8yo.  cloth,  20s. 

"  In  this  work  we  find  the  last,  the  most  matured  views  of  its  venerable  author,  who,  with  unexam- 
pled seal,  continued  to  almost  the  last  moment  of  his  life  to  accumulate  materials  for  perfecting  his 


works.    Every  practical  surg^n  must  add  the  present  volume  to  his  library.    Its  commodious  and 
portable  form — no  mean  consideration, — the  graphic,  the  almost  speaking  force  of  the  unequalled  illus- 
trations, the  copious  addition  of  valuable  and  instructive  cases,  and  the  great  improvement  i 
and  precision  which  has  been  gained  bv  the  judicious  arrangement  of  the  materials,  all  < 
rend^  the  present  edition  indispensable.'*— Bn'/iiA  and  Fordin  Medical  Review, 


ON  THE  STRUCTURE  AND  DISEASES   OF  THE  TESTIS. 

Illnstnted  with  24  highly-finished  Coloured  Plates.     Second  Edition.    Royal  4to. 
Reduced  from  £3.  3«.  to  £l.  lOa. 

The  republication  of  this  splendid  volume  supplies  a  want  that  has  been  very  severely  felt  from  the 
exhaustion  of  the  first  ecUtion  of  it . .  .  The  practical  surgeon  who  is  not  master  of  its  contents  cannot 
be  fully  aware  of  the  imperfection  of  bis  own  knowledge  on  the  subject  of  diseases  of  the  testicle."- 
British  and  Foreign  Medical  Review. 
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MR.  CHURCHIIiL's  PUBLICATIONS.  M 
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MR.     COOPER,                     *  f 

rEOPBSSOK  OF  tUaOKBT   IN   THB  VlflTKBSITT  COLLBGB,   LOHOOM.  ^ 


THE  FIEST  LINES  OF  THE  PRACTICE  OF  SUEGERY; 

designed  as  an  Introdaction  for  Stadents,  and  a  Concise  Book  of  Reference  finr  Plscti- 
tionen.     Sixth  Edition,  considerably  improYed.    8to.  doth,  18«. 

A  DICTIONAET  OF  PRACTICAL  SURGERY;  comprehending  .n 

the  most  interesting  Improyements,  from  the  Earliest  Times  down  to  the  Present  Poiod. 
Seventh  Edition.     One  very  thick  yolnme,  8yo.  1/.  10s. 


MR.     OOOLEY. 

COMPREHENSIVE   SUPPLEMENT   TO   THE   PHABMACOPCEIAS. 

THE  CTCLOPiEDIA  OF  PRACTICAL  RECEIPTS,  AND  Col- 
lateral INFORMATION  IN  THE  ARTS,  MANUFACTURES,  AND 
TRADES,  INCLUDING  MEDICINE,  PHARMACY,  AND  DOMESTIC  ECO- 
NOMY ;  designed  as  a  Compendious  Book  of  Reference  for  the  Mannfikctnrer,  Trade»- 
man,  Amateur,  and  Heads  of  Families.  Second  Edition,  in  one  thick  Tolnme  of  800 
pages.     8yo.  cloth,  14«. 


MR.   ORITOHETT,   P.R.O.8. 

ON  THE  CAUSES  AND  TREATMENT  OF  ULCERS  OF  THE 

LOWER  EXTREMITY.  .  Byo.  doth,  Ss. 


MR.    CROSSE,    rR.S. 

SUBGBON  TO  THB  NOBFOLK  AMD  HOBWICH  HOSPITAL. 

A  TREATISE  ON  THE  FORMATION,  CONSTITUENTS,  AND 

EXTRACTION  OF  THE  URINARY  CALCULUS  ;  being  the  Essay  for  which 
the  Jacksonian  Prise  for  1838  was  awarded  by  the  Royal  College  of  Surgeons  in  London. 
With  numerous  PUtes.     4to.  2L  2s,  pkin,  2L  12«.  Sd.  coloured. 

"  It  is  a  work  which  ail  hospital-torgeons  will  ponen— indeed,  which  sU  saifeoiu  who  wish  to  he 
well  fqqsintfd  with  their  profeMion  should." — Dr.  Jolmaon*9  ReHew, 

AN  ESSAY  ON  mYERSIO  UTERL 

Parts  L  and  II.      With  Plates.      8yo.  cloth,  7s.  6<f.  each  Part 


DR.    CRISP,    M.R.C.S. 

A    TREATISE    ON   THE    STRUCTURE,    DISEASES,    AND 

INJURIES  OF  THE   BLOOD  VESSELS;    with  Statistical  Deductions.      Being 
the  Jaoksokiah  Pbizs  Esbat,  1844.    8yo.  doth,  7s. 

"  The  woik  is  a  Taloable  oontribation  to  anrgery— one  of  which  the  general  praditioofln  have  wscm 
to  be  proud.**— MeHco-Chirwrgieal  Review, 

"  We  have  great  pleasure  in  recommending  to  the  notice  of  the  members  of  the  Provincial  Association 
thii  excellent  work  of  one  of  our  aaaoeiates.'* — Provincial  Medieai  and  Surgicai  Journal. 

"  We  regard  Mr.  Crisp's  work  as  a  valuable  addition  to  our  surgical  literature."— An/icA  and  Foreign 
Medieai  Review. 

"  The  Committee  strongly  recommend  the  study  nK  Mr.  Crisp's  work  to  those  who  desire  to  be 
prepared  for  more  than  the  '  ordinary  emergencies '  of  pnc^ca,**'-South-Bastem  Bran^ftftke  Pro- 
vineial  Medieai  and  Surgical  Ataoeiatton, 
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MR.  CHURCHILL  8  PUBLICATIONS. 
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DR.    DAVEY,    M.R.O.8. 

CONTRIBUTIONS  TO  MENTAL  PATHOLOGY,  with  introductory 

Obeervations,  containing  the  past  and  present  state  of  the  Insane  in  Ceylon,  &c.  Post  8to. 
cloth,  6«. 

'*The  author  of  this  really  valuable  work  is  a  staunch  follower  of  the  lyttem  of  ConoUy." — Lancet, 
"  Highly  interesting  and  worthy  of  perusal."— JfoniA/y  Medical  Journal. 


DR.  TOOQOOD   DO\A/NINQ. 

ON  TIC  DOULOUREUX  AND  OTHER  PAINFUL  AFFECTIONS 

OF  THE  NERVES,  with  Suggestions  for  a  New  Plan  of  Treatment  by  means  of  the 

AinsuRALOiooN.     Illustrated  by  numerous  Cases  and  an  Engraving  of  the  Apparatus.    Ss. 

"  We  would  certainly  advise  a  trial  of  Dr.  Downing**  Aneuralgicon." — London  Journal  nf  Medicine, 


MR.     DRUITT. 

THE   STJEGEON'S   YADE-MECUM;   with  numerous   Engravings  on 
Wood.     Fourth  Edition.     Foolscap  8vo.  cloth,  12«.  6rf. 

"...  But  while  we  thus  enlarge  upon  the  merits  of  the  work  as  suitable  to  the  wants  of  the  student, 
we  feel  equally  warranted  in  recommending  it  to  the  perusal  of  the  practitioner,  as  fulfilling  the  intention 
of  the  author,  in  beins  *  a  short,  but  complete  account  of  modem  surgery ;'  containing  everything  that 
is  essential  to  the  riirht  understanding  of  its  principles,  and  embodying  the  experience  of  the  highest 
authorities  as  to  the  best  rules  of  pracUbe."  — Lanee/. 


ED>A^ARD    W.    DUFFIN,    M.D. 

ON  DEFOEMITIES  OF  THE  SPINE    8vo.,  with  Plates,  8*. 


8IR    JAMES    EYRE. 

PRACTICAL  REMAEKS  ON  SOME  EXHAUSTING  DISEASES, 

particularly  those  incident  to  Women.    Post  8vo.  cloth,  4s. 


DR.    FORBES,    F.R.S. 

A   PHYSICIAN'S   HOLIDAY;    or,   a  Month  in  Switzerland  in  the 
Summer  of  1848.   WithaMapandlUustrations.  Second  Edition.  Post  8yo.  cloth,  8s.  6<l. 


DR.    J.    C.    AUGUST    FRANZ,    M.D. 


THE  EYE :  A  TREATISE  ON  THE  ART  OF  PRESERVING 

THIS  ORGAN  IN  A  HEALTHY  CONDITION,  AND  OF  IMPROVING 
THE  SIGHT;  to  which  is  prefixed  a  Vntw  of  th»  Anatomy  and  Physiology  of 
THB  Eyb.    With  Plates.    Post  8vo.  7s.  6d. 

II. 

\    A  TREATISE  ON  MINERAL  WATERS,  wilh  particular  reference  to 

A  thoae  Prepared  at  the  Royal  Oennao  Spa  at  Brighton.    12mo.  doth,  4«.  M.  ^ 
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MR.   FERQUS80N,   F.R.8. 
paoPBSsom  op  tuaGSBY  in  king's  collbgb,  London. 

A  SYSTEM    OF    PRACTICAL    SUEGERT;    with  nmneroaB  Illoa- 

trations  on  Wood.     Second  Edition.     Foolscap  Svo.  cloth,  12«.  6d. 

**  Professor  Fergusson's  work,  we  feel  persuaded,  will  be  as  great  a  favourite  as  it  deserves,  for  it  com- 
bines the  powerful  recommendations  of  cheapness  and  elegance  with  a  clear,  sound,  and  practical 
treatment  of  eveir  subject  in  surgical  science.  The  iUustrations,  by  Bagg,  are  admirable — in  nia  very 
best  %tjle.'*— Edinburgh  Journal  of  Medical  Science. 


O.    REM1QIU8    FRESENIUS. 

ELEMENTAEY  INSTRUCTION   IN  CHEMICAL  ANALYSIS, 

AS  PRACTISED  IN  THE  LABORATORY  OF  GIESSEN.    Edited  by  LLOYD 
BULLOCK,  late  Student  at  GicBsen. 

Qualitativb;  Second  Edition.     Svo.  cloth,  9«. 

Quantitative;  Svo.  cloth,  14». 

'  I  can  confidently  recommend  this  work,  from  my  own  personal  experience,  to  all  who  are  desinma  of 

Mining  instruction  in  analysis,  '—  ''^  " — "-' "^  — *"' — '*  *^'  *—•«:' :*»-  _u:«u  :* w-. 

apprehended."— BttTOit  Liebig. 


obtaining  instrucdon  in  analysis,  for  its  simplicity  and  usefulness,  and  the  facility  with  which  it  may  be 
"  \ebig. 


DR.     FLEMING. 

AN  INQUIRY  INTO  THE  PHYSIOLOGICAL  AND  MEDICINAL 

PROPERTIES  OF  THE  ACONITUM  NAPELLUS ;  to  which  are  added  Obser- 
vations on  several  other  Species  of  Aconitom :  being  a  Thesis  to  which  a  Gold  Medal  was 
awarded  by  the  Faculty  of  Medicine  of  the  University  of  Edinburgh,  at  the  Graduation 
of  1844.     Svo.  cloth,  5s. 


MR.    FONA^NES,    PH.  D.,    F.R.8. 

PaOPBSBOa  OF   PaACTICAL  CHKMI8TRY   IN   17RIVBS8ITT  COLLBOB,   LORDOK. 
I. 

A  MANUAL  OF  CHEMISTRY;  with  numerous  illustrations  on  Wood. 
Third  Edition.     Fcap.  Svo.  cloth,  129.  6<f. 

"The  author  of  this  Manual  haa  made  a  valuable  addition  to  the  existing  works  on  chemistry,  by  offer- 

_  .1.- _^-ji__.  ..     I  of  the  state  of  chemical  scienci        '* 

-Medico- Chirurgical  Retnew, 


ing  the  student  an  accurate  compendium  of  the  state  of  chemical  science,  wcU  illustrated  by  appropriate 
and  neatlv  executed  wood  engravings."-  "   '"      ~" "      „"     "~    " 

'  An  admirable  exposition  of  the  present  state  of  chonical  science,  simply  and  clearly  written,  and 

"       •      '"  "       '  with  iU 

Britisk 


displaying  a  thorougn  practical  knowledge  of  ita  details,  as  weU  as  a  profound  acquaintance  i 
principles.  The  illustrations,  and  the  whole  getting-up  of  the  book,  ment  our  highest  praiae."— ^ 
and  Foreign  Medical  Review. 

IT. 

THE  ACTONIAN  PRIZE  ESSAY  OF  100  GUINEAS, 

▲WABDBD   BT   THB   COMMITTBB   OF  TBB   BOYAL   INBTITVTION   OP  GBBAT   BBITAIN. 

CHEMISTEY,    AS   EXEMPLIFYING   THE   WISDOM   AND 

BENEFICENCE  OF  GOD.     Second  Edition.     Foolscap  Svo.  cloth,  4«.  6d. 

**  The  field  which  the  author  has  gone  over  is  one  of  the  utmost  interest.  He  has  embraced  all  the 
leading  facts  of  the  subject,  and  mack  them  to  bear  upon  his  principal  argument.  One  great  merit  of 
the  book,  and  full  of  promise  as  far  as  the  author  is  concerned  as  a  man  of  science,  is,  tnat  althon^ 
dealing  with  facts  which  might  have  tempted  him  into  hasty  and  striking  generalixations,  he  has 
preferred  treading  cautiously  along  the  path  (rf  inductive  science."— iiMcfuncm. 

III. 

INTEODUCTION  TO  QUAIITATIYE  ANALYSIS.  Post  Svacioth.  2,. 

IV. 

CHEMICAL  TABLES.   FoUo,  price  2».  erf. 
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DR.    QAIRONER. 

ON  GOUT  ;   its  History,  its  Causes,  and  its  Cure.     Post  8vo.  cloth,  6*. 

"  No  one  cui  liae  from  the  peroMl  of  Dr.  Oatrdner's  txeatiM  without  the  convietioii  thmt  it  contuns  a 
tnutworthy  histoir  of  the  diteese,— that  it  conreys  aound  direcUona  for  treatment, — and  that  it  ia  the 
frorit  of  a  phyaioan  who,  amid  the  wearying  toU  of  a  large  and  Buoceaafni  practice,  keeps  himielf 
tiioroughly  conrenant  with  all  the  recent  advanees  in  phyiiological  adence,  both  at  home  ana  abroad." 
—Met&al  Timea, 


DR.     QAVIN. 


ON  FEIGNED  AND  FICTITIOUS  DISEASES,  chiefly  of  Soldiers 

and  Seamen;  on  the  means  used  to  simulate  or  produce  them,  and  on  the  best  Modes  of 
discovering  Impostors;  being  the  Prize  Essay  in  the  Class  of  Military  Surgery  in  the 
Uniyersity  of  Edinburgh.     8yo.  cloth,  9s; 


M.     QIBERT. 


MR.    QRANTHAM. 

FACTS  AND  OBSERVATIONS  IN  MEDICINE  AND  SUEGERY ; 

with  additional  Memoirs.     870.  cloth,  7«.  6d, 

"  We  recommend  tUs  work  to  the  perasal  of  our  readers,  and  feel  sure  they  will  derive  inatmetion 
from  its  pages."— Lancet 

'*  We  recommend  this  volume  to  writers  on  medicine  and  surgery  who  deaire  to  compare  their  own 
experience  with  that  of  oititn."— Medical  GoMette, 


MR.    QRIFFITH8, 
pmovssaom  or  chbmistbt  im  the  m»ica.l  collbos  or  bt.  babtbolombw's  hospital. 

CHEMISTEY      OF     THE     FOUE     SEASONS— Spring,     Summer, 
Autumn,  Winter.    Illustrated  with  Engiayings  on  Wood.    Post  Bto.  doth,  lOs.  6d. 

*¥  *  *  This  Tolnme  eombines,  in  an  eminent  decree,  amusement  with  inatmetion.  The  lawa  and  properties 

of  those  wonderful  and  myiterioua  agenta— heat,  li^ht,  electridty^galTanism,  and  magnetiam,  are  ap- 
propriately discuaaed,  and  their  inflnenoe  on  vegetation  noticed.    '^^  would  especially  recommend  it  to 
*    commencing  the  study  of  medicine,  both  aa  an  incentiTc  to  their  natuial  curioaitf,  and  an  intro- 
to  several  of  those  branchea  of  adence  which  will  neceaaarily  soon  occupy  tluar  attention.  "- 
and  Fonign  Medieal  Review, 


A  PRACTICAL  TEEATISE  ON  SPECIAL  DISEASES  OF  THE   .. 

SKIN;  with  Cases  and  numerous  Notes.  By  C.  M.  OIBERT,  Physician  to  the  H6pital 
St  Louis,  Fellow  of  the  Faculty  of  Medicine  at  Paris,  &&  Translated  by  EDGAR 
SHEPPARD,  M.R.C.S.    Post  8vo.  cloth,  7«.  6rf. 


DR.    QLOVER. 

i   ON  THE  PATHOLOGY  AND  TREATMENT  OF  SCROFULA;    J 

being  the  Forthergillian  Prize  Essay  for  1846.    With  Plates.      8vo.  cloth,  lOs.  6d. 
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MR.    QRAY.    M.R.C.8. 

PRESERVATION    OF    THE    TEETH   indispensable   to   Comfort   and 
Appearance,  Health,  and  Longevity.     l8mo.  cloth,  3«. 

"  This  small  ▼olnme  wfll  be  found  interettiBg  and  naefiil  to  eyeiy  medical  praetitioDer,  the  heads  of 
families,  and  those  who  haye  the  care  of  children ;  while  penons  who  have  lost  teeth  will  be  made  ansare 
of  the  cause,  and  enabled  to  judoe  for  tiiemselves  of  the  rationale  of  the  principles  pointed  ont  f<»  their 
replacement,  and  preaerration  of  the  remainder." 


DR.     QULLY. 


MR.    QUTHRIE.    F.R.8. 

'  •    THE  ANATOMY  OF  THE  BLADDER  AND  OF  THE  URETHRA, 

and  the  Treatment  of  the  ObttmctionB  to  which  these  Pasaages  are  liable.      Third 
Edition.    8vo.  cloth,  5t. 

ON  INJURIES  OF  THE  HEAD  AFFECTING  THE  BRAIN. 

4to.  boards,  St, 

lU. 

ON  WOUNDS  AND  INJURIES  OF  THE  ARTERIES  OF  THE 

HUMAN   BODY;   with   the  Treatment  and  Operations  required   for  their  Core. 
8vo.  cloth,  3s. 

ON  WOUNDS  AND  INJURIES  OF  THE  ABDOMEN  AND 

THE  PELVIS.    8vo.  cloth,  3«. 

ON  WOUNDS  AND  INJURIES  OF  THE  CHEST.   8vo.  doth. 


DR.    QUY, 

PBTtlCIAN  TO  KINO'a  COLLBQB  HOariTAL. 


HOOPER'S  PHTSICIAJf'S  YADE-MECUM;  OR,  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.    New  Edition, 
enlarged,  and  re- written.     Foolscap  8vo.  cloth,  10s.  6d, 


? 


THE  "WATER  CURE  IN  CHRONIC  DISEASE:  an  Expodtion  of    i 

the  Causes,  Progress,  and  Terminations  of  various  Chronic  Diseases  of  the  Viscera,  Nerroiu 
System,  and  Limbs,  and  of  their  Treatment  by  Water  and  other  Hygienic  Menu. 
Third  Edition.    Foolscap  8vo.  sewed,  2«.  6d. 

IJ. 

THE  SIMPLE  TREATMENT  OF  DISEASE;  deduced  from  the    I 

Methods  of  Expectancy  and  Revulsion.     18mo.  cloth,  4s.  Sd. 

;;   AN  EXPOSmON  OF  THE  SyStOMS,  ESSENTIAL  NATUEE,    J 

AND  TREATMENT  OF  NERVOUSNESS.    Second  Edition.    8vo.  fo. 

"Tliii  volume  is  written  in  a  Indd  style,  and  deserves  the  attention  of  every  medical  piactituHier.*' — 
Edinburgh  Medical  and  Surgical  Jtmmal, 


1 
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MR.  Churchill's  publications.  j| 

DR.    MARSHALL    HALL,    F.R.8. 

PRACTICAL  OBSERVATIONS  AND  STIGOESTIONS  IN  MEDI- 

CINE.     Post  8vo.  cloth,  8».  6rf. 

DITTO.     Bttonti  S>nin.    Post  8to.  doth,  8..  6d. 

"  The  work  affords  fruits  of  the  mental  enersj  of  an  obaenrer  who  ia  anything  but  content  to  follow 
the  beaten  path  where  more  raocoMful  road*  ue  open  before  him.  It  is  not  a  work  of  speculatiTe 
dreamy  phiioao^hy,  but  of  aonnd  practical  common  lenae,  and  as  such  will  recommend  itaelf  to  the 
judicious  practitioner."— iViar^Aem  JounuU  of  Medicine, 


MR.   HARE,   M.R.O.8. 

PRACTICAL  OBSERVATIONS  ON  THE  PREVENTION, 

CAUSES,  AND  TREATMENT  OF   CURVATURES  OF  THE  SPINE;  with 
EngravingB.    Third  Edition.    8yo.  cloth,  6«. 


DR.    HENNEN,    F.R.8. 

PRINCIPLES  OF  MILITARY  SURGERY;  comprising  ObBenrations 
on  the  Arrangement,  Police,  and  Practice  of  Hospitals,  and  on  the  Hiatory,  Treatment, 
and  Anomalies  of  Variola  and  Syphilis.  lUnstrated  with  Cases  and  Dissections.  Third 
Edition.    With  Life  of  the  Author,  by  his  Son,  Dr.  John  Hennxit.   8to.  boards,  16*. 


MR.  HOQQ,  M.R.O.8. 

ON  THE  MANAGEMENT  OF  INFANCY:  with  Remarks  on  the 

Influence  of  Diet  and  Regimen;  on  Bathing;  and  the  Treatment  of  Ringworm,  Leprosy, 
Scrofula,  Affections  of  the  Liver,  &c.    Post  8to.  cloth,  4«.  6 J. 


MR.     HOOD. 

ON  THE  DISEASES  MOST  FATAL  TO  CHILDREN,  whh  Re- 

ference  to  the  Propriety  of  Treating  them  as  proceeding  from  Irritation,  and  not  from 
Inflammation.     Post  8yo.  cloth,  6«. 


**  The  views  of  Mr.  Hood  are,  to  s  gremter  extent  than  is  usually  imagined,  borne  out  by  all  the  beat 
late  writers  who  have  seen  much  praetloe  among  children.  The  work  is  purely  a  practical  one,  and  is  a 
valuable  eontributioQ  to  our  knowledge."— XAMihtr^A  MediaU  and  Surgical  Journal. 


DR.    Q.    OALVERT     HOLLAND. 

THE  PHILOSOPHY  OF  ANIMATED   NATUEE;    OB,  THE 

LAWS  AND  ACTION  OF  THE   NERVOUS  SYSTEM.     8vo.  doth,  12s. 

THE  PHILOSOPHY  OF  THE  MOVING  POWERS  OF  THE 

BLOOD.    8to.  cloth,  8«. 

IIL 

DISEASES  OF  THE  LUNGS  FKOM  MECHANICAL  CAUSES, 

gr  and  Inquiries  into  the  Condition  of  the  Artisans  exposed  to  the  Inhalation  of  Dust,     m  . 

W.  8vo.  cloth,  is.  Sd.  W 
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OR.   0AME8    HOPE,  F.R.8. 

ON  DISEASES  OF  THE  HEART  AND  GREAT  VESSELS. 

Fourth  Edition.     Post  8vo.  cloth,  lOt.  6d, 

"  This  is  a  new  edition  of  the  late  Dr.  Hope*i  well  known  treetiae,  reduced  in  nae  and  priee.  T6 
thoae  who  are  deairoua  of  poaaeuing  thia  tniiy  atandard  work,  we  would  atrong^y  recommend  the  praseat 
edition."— iPfOOtncta/Jredieo/  Jommal. 

DR.    HOSKIN8.   F.R.8. 

SOHARLING  ON  THE   CHEMICAL  DISCRIMINATION    OF 

VESICAL  CALCULI.  Tmnalated,  with  an  Appendix  containing  Piactical  Direetions 
for  the  Recognition  of  Calculi.  With  Phitea  of  Fifty  Calculi,  accurately  colooredL 
12mo.  doth,  7s.  6d. 


f 


MR:    THOMAS    HUNT,    M.R.O.8. 

THE  PATHOLOGY  AND  TREATMENT  OF  CERTAIN  DIS- 

EASES  OF  THE  SKIN,  generally  pronounced  Intractable.     IlluBtrated  by  upwards 
of  Forty  Caaes.     8to.  doth,  6$. 

"  We  haTe  foond  Mr.  Hnnt'a  practice  caceeedingly  aucoeiafiil  in  aevere  obadnate  caira." — BrmitJk- 

waUe*§  Retnapeet  0/  Medleime.  ^ 

" The  facta  and  newa  he  bringa  forward  eminently  merit  attention.'*— BrtfWb  and  Foreign  Medirmi  $ 

Review,  t 


MR.    HANCOCK,  P.R.O.8.C. 

aVBOBOR  A1VO  LaCTUaBB  on  SnaOBBT,  CBABING-CBOBB  H08PITAL. 

ON  THE  OPERATION  FOR  STRANGULATED  HERNIA.    Svo. 

cloth,  4«. 

"We  fed  ooniinced  that  the  already  high  reputation  of  the  author  will  be  inereaaed  by  thia  eontribo- 
tion  to  practical  aorgery,  and  we  eameatly  recommend  *  Hancock  on  Hernia'  to  the  oooaideratiaa  botii 
of  the  eenior  and  junior  membeia  of  our  profeadon."— Loncef . 

"  We  confidently  recommend  the  examination  of  theae  opiniona  to  our  readera  aa  thoee  of  a  talented 
practical  aurgeon,  and  we  think  that  few  authora  of  late  yeara  have  come  before  the  medical  public  with 
■uch  clalmt  to  an  attentive  peniaal  of  their  laboora."— ProoiMcta/  Medical  Jatttnai. 


DR.  ARTHUR  JACOB,   FJ«.C.8.. 

PBOVBBtOB  OP  ANATOMT  AKD  PBTBIOXtOaT  IB  TUB  BOTAL  COLLBOB  OP  BUBQBONS  III  lEBIJLBft. 

A  TREATISE  ON  THE  INFLAMMATIONS  OF  THE  EYE-BALL. 

Foolscap  8to.  cloth.  Be, 

It  includes  the  Description  and  Treatment  of  the  Idiopathic,  Scrofulous,  Rheumatic, 
Arthritic,  Syphilitic,  Gonorrhoeal,  Post-febrile,  and  Neura^c  Species ;  as  weU  aa  tk« 
circumscribed  Inflammations  of  the  Cornea,  Membrane  of  the  Aqueous  Humour,  Chonnd, 
Crystalline  Lens  and  Retina;  and  also  Inflammation  firom  Injury,  with  the  Sympathetic  and 
Phlebitic  varieties. 


MR.    >A/HARTON    JONE8,    F.R.8. 

A  MANUAL  OF  THE  PRINCIPLES  AM)  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY  ;  illustrated  with  102  EngraTinga, 
plain  and  coloured.     Foolscap  8to.  cloth,  12*.  6<2. 

"  The  execution  of  the  work  raataina  in  every  point  the  already  high  reputation  of  the  antiior  aa  an 
ophthalmic  surgeon,  aa  well  aa  a  phyddogiat  and  pathoiojBiist.  We  entertain  little  doubt  that  this 
book  will  become  a  manual  for  daily  reference  and  conaultation  by  the  atudent  and  the  senerd  macti^ 
tk»ner."~BriMa»  and  Foreign  Medical  Beeiew. 
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X  MR.    LAWRENCE,    F.R.8.  % 

A  TEEATISE   ON    RUPTUIIES,      The  Fifth  Edition,  considerably 

enlarged.     8to.  cloth,  16t. 

"  The  peculiar  adTantage  of  the  treatise  of  Mr.  Lawrence  u,  that  he  explains  his  views  on  the  anatomy 
of  hernia  and  the  different  Tarieties  of  the  disease  in  a  manner  which  renders  lus  book  peculiarly  usdul 
to  the  student  It  must  be  superfluous  to  express  our  opinion  of  its  value  to  the  surgical  practitioner. 
As  a  treatise  on  hernia,  presentiog  a  complete  view  of  the  literature  of  the  subject,  it  stands  in  the  first 
rank."  -Edmkmrgh  Medical  and  Surgical  Journal. 


DR.    HUNTER    LANE,    F.U8.,  F.8.8.A. 

A  COMPENDIUM  OF  MATERU  MEDICA  AND  PHARMACY; 

adapted  to  the  London  Pharmacopceia,  embodying  all  the  new  French,  American,  and 
Indian  Medidnes,  and  also  comprising  a  Snmmary  of  Practical  Toxicology.  One  neat 
pocket  Tolume.     Cloth,  5«. 

*'  Dr.  Lane's  volume  is  on  the  same  general  plan  as  Dr.  Thompson's  long  known  Conspectus ;  but  it 
is  much  fuller  an  its  details,  more  especialW  in  the  chemical  deputment.  It  seems  carefully  compiled, 
is  well  suited  for  its  purpose,  and  cannot  nil  to  be  useful."— ^r«icA  and  Foreign  Medical  Beolem, 


MR.    T.    8.    LEE. 

ON  TUMOURS  OF  THE  UTERUS  AND  ITS  APPENDAGES ; 

heing  the  Jacksonian  Prize  Essay.    8to.  cloth,  8«. 

"  A  most  important  and  talented  exposition  of  tumours  of  the  uterus.  We  shall  give  a  detailed  account, 
premising  that  we  regard  it  as  one  of  the  best  works  of  its  class.*'— X>r.  BaxMng'e  Half-Yearljf  AUtrad, 


MR.    EDWIN    LEE. 

OBSERVATIONS  ON  THE  MEDICAL  INSTITUTIONS  AND 

PRACTICE  OF  FRANCE,  ITALY,  AND  GERMANY ;  with  Notices  of  the 
Universities  and  Climates,  and  a  Parallel  View  of  English  and  Foreign  Medicine 
and  Surgery.     Second  Edition,  Is,  6d, 

PRACTICAL  OBSERVATIONS  ON  MINERAL  WATERS  AND 

BATHS.     Post  8vo.  cloth,  4a.  6d, 


OR.  ROBERT    LEE,    F.R.S. 
I. 

CLINICAL  MIDWIFERY:  comprising  the  Histories  of  545  Cases  of 
Difficult,  Preternatural,  and  Complicated  Labour,  with  Commentaries.  Second  Edition. 
Foolscap  Bto.  cloth,  5», 

'*  There  is  no  better  way  of  teaching  than  that  of  fbmishing  reports  of  cases  whieh  have  fallen  under 
the  notice  of  one  competent  to  observe  and  record  h/dn.  The  work  wUl  be  found  a  most  serviceable 
guide  to  the  young  accoucheur ;  for  while  it  lays  before  him  the  difficulties  which  he  may  have  to 
encounter  in  practice,  it  shows  him  how  those  dinlcnlties  are  to  be  overcome."— JlfMb'tfoi  Oasetle. 

PRACTICAL    OBSERVATIONS    ON    DISEASES    OF    THE 

UTERUS.     With  coloured  Plates.    Two  Parts.     Imperial  4to.,  7».  W.  each  Part 
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M.    LALLEMAND.  X 

ON  THE  CAUSES,  SYMPTOMS,  AND  TREATMENT  OF  SPER.     1 

MATORRHCEA.   Translated  from  the  French.   By  Hbkbt  J.  M'Douoall,  M.R.C&,       I 
late  HouBe-Surgeon  to  Uniyenity  College  Hospital.    8to.  cloth,  12f. 

"  The  Tolame  U  oopUmily  illostnted  by  eases,  whidi  show  sll  the  Protesn  effects  thst  have  bcea  J 
olwenred  to  follow  spennstorrhoea.  The  tnuuhuion  is  creditable  to  Mr.  M'Dougall;  he  has  earcAiIly  i 
avoided  anything  like  empiricisin,  and  has  treated  the  subject  as  it  should  be  tiered  bj  a  prnfraainnsl  ! 
man  desirotts  of  improving  surgical  practice." — Medicai  Qateette. 

**  We  express  our  opinion,  that  Mr.  M'DougalI*s  translation  of  so  useful  a  work  win  prove  of  great 
to  ue  profession  of  this  country,  by  lecsUing  attention  to  a  too-neglected  subgect.*' — MedieO' 


Ckirwrgieal  Review. 


MR.    LISTON.    F.R.8. 

■UaOBOM  TO  THB  ROaTH   LOMnOH  HOBMTAL. 


PRACTICAL  SURGERY.    Fonrth  Edition.    870.  clotii,  22*. 

"  In  conclusion,  it  is  scarcely  necessary  to  repeat  our  earnest  recommendation  of  Mr.  Liston's  work. 
Having  on  a  former  occasion  expressed  ourselves  strongly  on  the  subject,  we  can  only  add  that  the  pre- 
sent edition  is,  as  it  should  be,  even  more  worthy  of  our  praise  than  its  predecessors.  It  is  a  ^de  to  the 
advanced  student,  and,  as  suggesting  practical  observations  of  the  highest  value  to  the  piactitknier,  it  is 
unsurpassed.*'— Brttis*  mndForeigm MetHeal Review^ 

"  His  Practical  Surgery,  being  a  record  of  his  own  peculiar  experience,  obtuned  a  ruid  sale.    It  ean- 
bodies  his  plsns  and  modes  of  procedure,  more  especially  in  opmtions ;  and  is  undouotedly  o 
'  [      most  important  contributions  to  the  literature  of  practical  surgery  in  the  English  langnage.^'- 
'  *      of  LiMton.—Atheiunan. 


MR.    EDWARD    F.    LONSDALE, 

ASaiaTA-MT-auaOBON  to  THB   BOTAL  0BTB0P<BDIC  BOSriTAL. 

OBSERVATIONS  ON  THE  TREATMENT  OF  LATERAL  CUE- 

VATURE  OF  THE  SPINE;  pointing  ont  the  Advantages  to  be  gained  by  placing  the 
Body  in  a  position  to  produce  Lateral  ^exion  of  the  Vertebral  Colaiiui,  combined  with 
the  after  application  of  Finn  Mechanical  Support    8to.  doth,  6«. 

"  We  would  vdsh  that  this  treatise  on  lateral  curvature  cf  the  spine  were  generallT  read,  since  modi 
ignorance  prevails  concerning  the  subject,  and,  consequent^,  it  presents  aa  ample  field  far  the  qnaek, 
and  an  opprobrium  to  the  piofesrion."— Lofieef. 

A  PRACTICAL  TREATISE  ON  FRACTURES,    ninstwted  with 

Sixty  Woodcuts.    8vo.  boards,  16«. 


M.     LUQOL. 

ON  SCEOFULOTJS  DISEASES.  Translated  from  the  French,  with 
Additions  by  W.  H.  RANKING,  M.D.,  Physician  to  the  Sufiblk  General  HospitaL 
8vo.  cloth,  10s.  Bd, 

**  One  of  the  most  valuable  works  presented  to  the  public  for  many  a  year,  and  calculated  to  deqply 
modify  the  views  of  the  profession  with  legaxd  to  the  pathology  of  scrofula.*' — Lame^. 


DR.     MACREIQHT. 

,,     A  MANUAL   OF   BRITISH    BOTANY;  with  a  Series  of  Analytical     .. 

Tables  for  the  Assistance  of  the  Student  in  the  Examination  of  the  Plants  indigenous  to, 
or  conunonly  cultivated  in.  Great  Britain.    Small  Svo.  cloth,  7s.  6</. 

*'  There  is  a  prodigious  mass  of  elementary  matter  and  useful  information  in  this  pocket  volume.*' — 
MetUeO'CMrurgieai  Review.  *^ 
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DR.    MAOKNE88, 

COnSULTINO  PBYBICIAN  TO  THB  HABTINGI  OIBPBNIABT. 

HASTINGS,  CONSIDERED  As"*  A  RESOET  FOR  INYALIDS, 

with  Tables  illastratiTe  of  its  Tempemtnre,  Salubrity,  and  Climate,  showing  its 
suitability  in  Pulmonary  and  other  Diseases;  also  Directions  for  the  Choice  of  a 
Residence,  and  Hints  as  to  Diet,  Regimen,  Bathing,  &c.    Second  Edition.   Svo.  cloth,  is. 

THE  MORAL  ASPECTS  OF  MEDICAL  LIFE;  containiDg  the 

*<  Akesios ""  of  PROFESSOR  MARX.     12mo.  cloth,  7«.  Sd. 

"  Dr.  Madmen  haa  done  a  decided  aenrioe  to  the  profewnon  in  compiling  this  work."— ilnYtM  and 
Foreign  Medical  Review, 

"We  cordially  recommend  this  work  as  replete  with  interest  and  instruction."— PfoeifMrfo/ JlfeA- 
ca/  Journal, 

"  We  shall  parsue  the  sabject  of  the  Akeaios  in  an  eariy  number ;  one  more  interesting  can  rarely  be 
e  the  profession.*'— Lancet. 


MR.    MACILNA^AIN. 

COKSCLTIirO  BUKGBOIf  TO  THB   rilfSBUBT   DI8PBHBAKT,   BTC. 

ON  TUMOUES,   THEIE  GENERAL  NATURE  AND  TREAT- 

MENT.    8to.  cloth,  5f. 

DR.    NA^M.    H.    MADDEN. 

THOUGHTS  ON  PULMONARY  CONSUMPTION;  withanAppen- 

dix  on  the  Climate  of  Torquay.    Post  8vo.  cloth,  Bt, 


DR.    MARTIN. 

THE   UNDERCLIFF,  ISLE  OF  WIGHT: 

and  Natoial  Productions.    Post  8vo.  cloth,  10s.  6(2. 


its  Climate,   History, 


MR.  ALFRED    MARKWICK, 

BUnOBOH  TO  TBS  WSBTBEIf  OBBMAir  niSPBMSABT,  BTC. 

A  GUIDE  TO  THE  EXAMINATION  OF  THE  URINE  IN 

HEALTH  AND  DISEASE.    For  the  Use  of  Students.     18mo.  cloth,  Ab. 

"  Although  addressed  especisllj  to  stodents,  it  eoBtmins  slmost  sll  the  infonnBtioii  upon  these  matten 
which  the  practitioner  requires."— i>i(A/tii  Medical  Freu. 

"The  author  must  be  admitted  to  have  attained  his  object,  in  presenting  a  convenient  bedside  com- 
panion."—2>r.  JUmking'8  Attract, 


DR.    MASON, 

IMVBRTOB  OF  MASOIf'S   HTDBOMBTBB. 


ON  THE  CLIMATE  AND  METEOROLOGY  OF  MADEIRA: 

Edited  by  Jambs  Shbrxdan  Knowlbs  ;  to  which  are  attached  a  Review  of  the  State  of 
Agricolture  and  of  the  Tenure  of  Land,  by  Gborgb  Pbacock,  D.D.,  F.R.S. ;  and  an 
Historical  and  DescriptiTe  Accoont  of  the  Island,  and  Guide  to  Visitors,  by  JoHM  Dbivbr, 
Consul  for  Greece,  Madeita.    8?o.  cloth,  18s. ;  royal  8to.  £1,  lis.  6d. 


DR.    MILLINQEN. 


SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums. 
Ai.ed. 


"  Dr.  Millingen,  in  one  small  pocket  volume,  has  compressed  more  real  solid  matter  than 
be  gleaned  out  of  any  dosen  of  octavos  on  the  same  subject.  We  recommend  this  ▼ade.meeum 
best  thing  of  the  kind  we  ever  perused."— Dr.  JoAfuoit's  Review. 
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18nio.  cloth. 
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OR.    R.    Q.    MAYNE. 

DISSEETATION  ON  SCIENTIFIC  NOMENCLATURE,  Medical 

and  Geneml;  exhibiting  the  Defects,  Anomalies,  Erron,  and  DiscrepancieB  of  its  present 
condition:  with  Suggestions  for  its  Improvement.    870.  3s.  6d. 


DR.  JOHN    MAYNE,    L.R.C3.E. 

A    DISPENSATOET    AND     THERAPEUTICAL     REMEM- 

BRANCER;  comprising  the  entire  Lists  of  Materia  Medica,  and  eyery  practical  FoimuJa 
contained  in  the  three  British  Pharmacopoeias,  With  relative  Tables  subjoined,  ilhu- 
tratingjbj  upwards  of  660  examples,  the  extemporaneous  forms  and  combinations  snitable 
for  the  difierent  Medicines,  &c.     Foolscap  8vo.  cloth,  7«.  6d. 


MR.   NA8MYTH,  F.L.8n  F.Q.8.,  P.R.O.8. 

RESEARCHES  ON  THE  DEVELOPMENT,  STRUCTURE,  AND 

DISEASES  OF  THE  TEETH.    With  Ten  finely-engraved  Plates,  and  Forty  Dhiatn- 
tions  on  Wood.     8vo.  cloth,  W.  Is. 


MR.    NOBLE,    M.R.O.8.E. 

THE  BEAIN  AND  ITS  PHYSIOLOGY.    Poet  Svo.  cloth,  6*. 


MR.    NOUR8E,    M.R.O.8. 

TABLES    FOR    STUDENTS.     Price  One  Shilling. 

1.  Divisions  and  Classes  of  the  Animal  Kingdom. 

2.  Chisses  and  Orders  of  the  Vertebrate  Sub-kingdom. 

3.  Classes  of  the  Vegetable  Kingdom,  according  to  the  Natural  and  Artificial  Systems. 

4.  Table  of  the  Elements,  with  their  Chemical  Equivalents  and  Symbols. 


MR.    NUNNELEY. 

A  TREATISE  ON  THE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.    8vo.  cloth,  10*.  Sd. 

MR.    LANQSTON     PARKER, 

SVaOKOlf  TO  aUBBR's  BOSriTAL,   BIBMIHOHAJf. 
L 

THE  TREATMENT  OF  SECONDARY,  CONSTITUTIONAL  AND 

CONFIRMED  SYPHILIS,  by  a  Bafe  and  sucoessfiil  Method ;  with  numerous  Cases 
and  Clinical  ObBcrvations,  illustrating  its  Efficacy  and  Mode  of  Application  in  the  more 
obstinate  and  complicated  forms  of  the  Disease.    Post  8vo.  cloth,  &s. 

THE  MODERN  TREATMENT"  OF  SYPHILITIC  DISEASES; 

comprehending  the  Improved  Methods  of  Practice  adopted  in  this  Country  and  on  the 
Continent,  with  numerous  Formulae  for  the  Preparation  and  Admimstiation  of  the  new- 
Remedies.    Second  Edition,  considerably  enlarged.    Post  Svo.  cloth,  6t.  6d, 

IlL 

DIGESTION  AND  ITS  DISORDERS  considered  in  reference  to  the 
^  Principles  of  Dietetics  and  the  Management  of  Diseases  of  the  Stomach.    Post  Svo. 

S  cloth,  3«.  6d. 
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MR.     PAQET, 

LBCTUmBB  ON   PHYBIOLOGT  AT  ST.   BABTHOLOMBW'l   HOBPITAL. 


RECORDS    OF    HARVEY,    in  Extracts  from   the  Jonmals  of   the   Royal 
Hoepital  of  St  Bartholomew.    8yo.  2«.  6d. 


A    DESCRIPTIVE    CATALOGUE    OF   THE    ANATOMICAL    MUSEUM    OF 

ST.  BARTHOLOMEW'S  HOSPITAL.     Vol.  I.   Morbid  Anatomy.    8vo.  cloth,  5«. 


DR.   E.    A.    PARKE8, 

ABSIBTAHT-PHTIICIAM  TO  UNITBBSITT  COLLBOB   HOSPITAL. 

ON  ASIATIC  CHOLERA:  Researches  into  its  Pathology  and  Treatment. 
870.  doth,  6«. 

"  We  cannot  recommend  a  better  guide  in  that  practical  inyestigation  of  the  diseaae  to  which  we  shall 
prolMibly  be,  ere  long,  called  upon  to  return,  than  Dr.  Parkea  has  thus  seasonably  placed  before  us.'* — 
Medico-Chimrgical  Review. 

**  It  remains  but  to  express  our  most  fayourable  opinion  of  Dr.  Parkcs*s  production.  It  is  truly  a 
practical  work,  written  with  much  ability  and  judgment**— TAe  Lancet. 


DR.     THOMAS     B.     PEACOCK,     M.D., 

PHTSICIAN   TO   ST.   TBOMAS'S   HOSPITAL,  BTC. 

ON  THE  INFLUENZA,  OR  EPIDEMIC  CATARRHAL  FEVER 

OF  1847-8.     8vo.  cloth,  bs,  6d. 

"  We  know  of  no  work  which  contains  a  more  complete  description  of  the  disease,  and  its  eomplics- 
tions."— Lance/. 


DR.    PROUT,    F.R.S. 


ON  THE  NATURE  AND  TREATMENT  OF  STOMACH  AND 

RENAL  DISEASES;  being  an  Inqniry  into  the  Connection  of  Diabetes,  Calculus,  and 
other  Affections  of  the  Kidnej  and  Bladder  with  Indigestion.  Fifth  Edition.  With 
Seven  Engravings  on  Steel.    8vo.  doth,  20^. 

"  We  acknowledge  and  have  ^ride  in  bearing  testimony  to  the  high  qualifications  of  our  countryman 
in  the  branch  of  pathological  mquiry  based  upon  chemical  fscts;  we  recognise  the  comprehensive 
sancity  of  his  speculations,  and  respect  the  patient  seal  with  which  he  has  toiled  to  erect  upon  these  a 
stable  system,— the  important  connection  between  a  large  number  of  disordered  states  of  the  urinary 
secretion  and  disordered  states  of  the  process  of  digestion  and  assimilation.  .  .  .  We  have  only  to  repeat 
our  conviction  that  no  student  or  practitioner  can  be  recarded  as  even  tolerably  acquainted  with  the 
subject  who  has  not  read  and  re-read  them.**— Bn'/t«A  ana  Foreign  Medical  Review. 


CHEMISTRY,    METEOROLOGY,   AND   THE   FUNCTION   OF 

DIGESTION,  considered  with  reference  to  NATURAL  THEOLOGY.      Being  a 
Third  Edition,  with  much  new  matter,  of  the  "Bridgewater  Treatise."    8vo.  cloth,  15«. 

"  Those  who  have  been  benefited  by  the  labours  and  researches  of  Dr.  Front  will  be  delighted  to  see 
i  announcement  of  the  third  edition,  so  mudi  enlarged  as  to  be  almost  a  new  work.  . . .  lliis  table  of 
contents  will  show  the  great  extent  of  our  author's  inquiries,  and  we  need  hardly  assure  our  readers 
that  the  subjects  are  treated  with  consummate  ability.**— IH(d/<M  Journal  of  Medical  Science. 
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PROVINCIAL    ASSOCIATION. 

TRANSACTIONS  OF  THE  PEOYINCIAL  MEDICAL  AND  SUR- 

OICAL  ASSOCIATION;  containing  raliuible  Commimication<  on  Medicine  and- 
Surgery,  Medical  Topography,  Infirmary  Reports,  and  Medical  Statifitica.  With 
Plates,  8to.  cloth. 

Vols.  I.  to  XVL 


MR.    PETTIQREW,    F.R.S. 

ON    SUPERSTITIONS    connected  with  the  History  and    Practice   of 

Medicine  and  Soxgery.    8to.  cloth,  7«. 
"  The  anecdotal  character  of  this  work  cannot  fail  to  render  it  generally  acceptable ;  whfle  the  good 
sense  that  perrades  it,  aa  distant  from  empty  declamation  as  from  absurd  credulity,  stamps  it  witlt  tme 
historic  Tslue."— (ToKMemoM's  Magagme, 


SIR   WM.   PYM,   K.C.H., 

IMSrBCTOB^SlVBKAL    OV    AKMT     BOSPITALS. 

OBSERVATIONS  UPON  YELLOW  FEVER,  with  a  Review  of 

''A  Report  npon  the   Diseases  of  the   Afirican  Coast,  by  Sir  Wm.  Bdjuiett   and 
Dr.  Brtsoh,*^  proving  its  highly  Contagions  Powers.    Post  8to.  6s. 


THE  PRESCRIBER'S   PHARMACOP(ELA;  contwmngaUtheMedi- 

cines  in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a  Practising  Physician.  Third  Edition.  32lmo. 
cloth,  2s.  6d,;  roan  tuck  (for  the  pocket),  3«.  ScL 

"  Nerer  was  half-a^crown  better  spent  than  in  the  purchase  of  this  '  T^egommt  MedteawUman,*  This 
little  work,  with  our  Tiaiting-book  and  stethoscope,  are  our  daily  companions  in  the  caxriaee." — 
Dr.  Johnmm*t  Review, 

DR.    RANKING. 

THE  HALF-YEARLY  ABSTRACT  OF  THE  MEDICAL  SCIENCES ; 

being  a  Practical  and  Analytical  Digest  of  the  Contents  of  the  Principal  British  and  Con- 
tinental Medical  Works  published  in  the  preceding  Half- Year;  together  with  a  Critical 
Report  of  the  Progress  of  Medicine  and  the  Collateral  Sciences  during  the  same  period. 

Volumes  I.  to  X.,  6s.  6d,  each. 

"  The  sifting  which  the  journals  and  other  medical  woiks  undergo,  and  the  judidoos  selection  fnmn 
their  pages  of  points  of  practical  interest,  and  of  discoveries  of  importance  in  the  collateral  sctencea,  fbtm 
an  important  part  of  the  duty  of  the  editor ;  and,  alter  a  careful  examination  of  Dr.  Ranldng's  volumes, 
we  are  bound  to  state  that  the  duty  has  been  most  ably  performed."— Provtncio/  MeHeal  Journal, 

"  UseAil  in  a  high  degree,  by  concentrating  into  one  volume  a  large  amount  of  scientific  information. 
The  woric  is  well  ooneeived  and  executed  with  ability,  and,  we  doubt  not,  will  be  useful  to  those  who  fed 
it  their  duty  to  keep  up  with  the  knowledge  of  the  amj,"^Sdinbmrgk  MedietU  aitd  Swrgieal  Joumai. 


DR.     RAMSBOTHAM. 
coNsnLTino  phtsiciah  to  thb  aoTAL  matbunitt  OAmirr. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY,  with  a  Sdectioii 

of  Cases.    Second  Edition.     Byo.  cloth,  12s. 

Dr.  Dewes  states,  in  his  advertisement  to  the  American  edition,  *'  that  he  was  so  much  pleased  with 
Dr.  Ramsbotham's  work  on  Midwifery,  that  he  thought  he  would  be  doing  an  acceptable  office  to  the 
medical  community  in  America,  should  he  cause  it  to  be  ro-published.  He  believes  he  does  not  say  too 
much  when  he  declares  it  to  be,  in  his  opinion,  one  of  the  best  practical  works  extant." 


i  DR.    RADOLIFPE.  i 

i  THE  UNITY  OF  NATURE    Svo.  cloth,  6*.  || 


MR.  Churchill's  publications.  « 
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DR.    F.    H.    RAMSBOTHAM, 

PHT8ICIAN  TO   THS  SOTAL  MATBBHITT  CHAEITT,   BTC. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDI- 

CINE  AND  SURGERY,  IN  REFERENCE  TO  THE  PROCESS  OF  PAR- 
TURITION. Illustrated  with  One  Hundred  and  Ten  Plates  on  Steel  and  Wood; 
fonning  one  thick  handsome  volume.    Second  Edition.    8yo.  doth,  22«.' 

"  The  work  of  Dr.  Banuhoiham  may  be  described  as  a  complete  system  of  the  piiodplea  and  praetioe 
of  midwifery  ;  and  the  author  has  been  at  very  neat  pains  indeed  to  present  a  lust  and  useful  view  of 
the  present  state  of  obstetrical  knowledge.  The  illustrations  are  numerous,  well  selected,  and  appro- 
priate, and  engraved  with  great  accuracv  and  ability.  In  short,  we  rward  this  work,  between  accurate 
descriptions  and  useful  illiutrations,  as  by  far  the  most  able  work  on  the  principles  and  practice  of  mid- 
wifny  that  has  i^peared  for  a  long  time.  Dr.  Bamsbotham  has  contrived  to  mftise  a  larger  portion  of 
common  sense  and  plain  unpretending  practical  knowledge  into  his  work  than  is  commonly  found  in 
works  on  this  subject ;  and  as  such  we  have  great  pleasure  in  raoommending  it  to  the  attention 
of  obstetrical  practitioners.''— fiUndwrs^A  Medical  andSurgiaii  Jotimal, 


DR.    JAMES    REID. 
L 

A  MANUAL  OF  PRACTICAL  MIDWIFERY,  intended  chiefly  as 
a  Book  of  Reference  for  Students  and  Medical  Practitioners.  With  Engravings  on 
Wood.    24mo.  cloth,  6$,  Gd, 

**t\M  relative  diameters  of  the  pelvis  and  the  fiaetal  head,  and  the  diiferent  presentations  of  the 
child,  are  all  usefully  represented  by  wood  encravings  among  the  letter-press,  and  the  book  is  thus 
particularly  well  calailated  to  effect  the  objects  of  such  a  work." — Lancet, 


ON  INFANTILE  LARYNGISMUS;  with  Observations  <m  Artificial 
Feeding,  as  a  frequent  Cause  of  this  Complaint,  and  of  other  Convulsive  Diseases  of 
Infiints.    Post  8vo.  cloth,  5s.  6<L 

DR.    ROE, 

PHTSICIAM  TO  THB  WaSTMUfSTaa  HOSPITAL. 

A  TREATISE  ON   THE  NATTJEE  AND  TREATMENT  OF 

HOOPING-COUGH,  and  its  COMPLICATIONS.    8yo.  cloth,  8». 

"  The  present  volume  is  a  welUtimed  and  Talnable  addition  to  the  literature  of  juTcnUe  disease,  and 
is  highly  creditable  to  its  author  as  a  practical  physician.'* — Medical  Oagette. 


DR.    ROWE,     P. 8. A. 
I. 

NERVOUS     DISEASES,     LIYER    AND    STOMACH    COM- 

PLAINTS,  LOW  SPIRITS,  INDIGESTION,  GOUT,  ASTHMA,  AND  DIS- 
ORDERS PRODUCED  BY  TROPICAL  CLIMATES.  With  Cases.  Twelfth 
Edition.    Byo.  6s.  6d. 

"  Dr.  Bowe,  the  first  edition  of  whose  work  appeared  in  1830,  daims,  with  justice,  a  priority  of  author- 
ship orer  many  other  writers  in  this  field  of  inquiry."— Lancet. 

"  We  hsTe  no  hesitation  in  placing  this  work  among  the  first  ranks  of  those  which  haye  succeeded,  for 
Tciy  few  preceded  it,"— Medical  TImee. 


ON   SOME   OF   THE   MOST   IMPOETANT  DISEASES   OF 

WOMEN.    8to.  &.  6(i. 
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DR.    V/.    H.    ROBERTSON* 
phtbiciah  to  tbb  buztor  bath  cbabitt. 

THE   NATUEE  AND   TREATMENT  OF  GOUT. 

8to.  cloth,  10«.  6d, 

*'  We  cannot  conclude  tlus  notice  of  Dr.  Robertson's  treadse  without  cordisUy  recommending^  it  as  a 
sound  and  practical  work,  fitted  for  reference,  both  as  n  work  of  information  on  the  subject  mud 
as  a  guide  to  piactice."— Proewicia/  Medical  JournaL 

A  TREATISE  ON  DIET  AND  REGIMEN. 

Foortli  Edition.    2  voh.  post  8vo.  cloth,  I'Is. 

**  It  is  scareely  necessary  that  we  should  add  our  hearty  recommendation  of  Dr.  Robertson's  treatiae, 
not  moely  to  our  mediod  readers,  but  to  the  public,  over  whom  they  hare  an  influence.  It  is  one  of  Use 
few  books  which  is  legitimately  adapted,  both  in  subject  and  manner  of  treatment,  to  both  classes." — 
BrUith  oftd  Foreign  Medico-Chirurgical  Review. 


f 


DR.    8EARLE,    M.R.O.8.E. 
L 

„    THE  WHY  AND  THE  WHEREFORE;  OB,  THE  PHILOSOPHY    .. 

OF  LIFE,  HEALTH,  AND  DISEASE :  New  and  Original  Views  explanatory  of 
their  Nature,  Causes,  and  Connexion,  and  of  the  Treatment  of  Disease  upon  a  few  General 
Principles  based  upon  the  Laws  of  Nature  and  Common  Sense,  the  Fruit  of  Thirty  Years* 
Professional  Experience.     8to.  cloth,  Ss, 

a, 

CHOLERA,  DYSENTERY,  AND  FEVER;  explainmg,  in  a  way 
that  may  be  comprehended  by  all  persons,  the  Nature  of  these  Affections,  their  Caoses, 
Means  of  Prevention,  and  Treatment;  the  fruit  of  thirty  years*  professional  experience. 
12mo.  doth,  5«. 


MR.     SHA>Ar. 


THE  MEDICAL  REMEMBRANCER;   OB,  BOOK  OF  EMER- 

GENCIES :  in  which  are  concisely  pointed  out  the  Immediate  Remedies  to  be  adopted 
in  the  First  Moments  of  Danger  from  Poisoning,  Drowning,  Apoplexy,  Bums,  and  other 
Accidents;  with  the  Tests  for  the  Principal  Poisons,  and  other  useful  Information. 
Third  Edition.     32mo.  cloth,  2s.  Sd. 

"  The  plan  of  this  little  book  is  well  concdved,  and  the  execution  corresponds  thereunto.  It  oosta 
little  money,  and  will  occupy  little  room ;  and  we  think  no  practitioner  will  regret  beuag  the  possessor  of 
what  cannot  &il,  sooner  or  later,  to  be  useful  to  him."— JBrt^isA  and  Foreign  MedicalBeview. 


DR.    SHEARMAN. 

AN   ESSAY    ON  THE   PROPERTIES   OF   ANIMAL  AND 

VEGETABLE  LIFE;  their  Dependence  on  the  Atmosphere,  and  Connection  with  each 
other,  in  Relation  to  the  Functions  of  Health  and  Disease.    Post  8to.  cloth,  5s.  6d, 


DR.    SIMPSON,  2 

FBTSICIAN  TO  TOKK  COUNTY  HOSPITAL.  T 

OBSERVATIONS    ON  ASIATIC    CHOLERA;  and  Facts  regarding     i 

the  Mode  of  its  Difiiision.    12mo.  cloth,  is.  Sd. 
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DR.  yN.   TYLER    SMITH. 

ON  PAETUEITION;  AND  THE  PRINCIPLES  AND  PRACTICE 

OF  OBSTETRICS.     Foolscap  8vo.  cloth,  9». 

II. 

THE  PERIODOSCOPE,  a  new  Instrnment  for  determining  the  Date  of 
Labour,  and  other  Obstetric  Calculations,  with  an  Explanation  of  its  Uses,  and  an  Essay 
on  the  Periodic  Phenomena  attending  Pregnancy  and  Parturition.     8vo.  cloth,  4«. 


"  We  anticipate  for  the  work  that  which  it  deaerves  for  iti  novelty,  inffenuity,  and  utility — a 
drculatioa.    It  should  be  in  the  hands  of  all  medical  men  who  practise  miawifery."— JfeiBcol  Chu 


wide 
Oagette. 


SCROFULA  :  its  Causes  and  Treatment,  and  the  Prevention  and  Eradication 

of  the  Strumous  Temperament.    8yo.  cloth,  7& 

**  This  treadse  is  a  great  improyement  on  those  by  which  it  has  been  preceded.  The  part  of  Dr.  Snuth's 
work  with  which  we  are  most  pleased  is  that  devoted  to  the  treatment  of  this  formidable  disease  and  to 
the  management  of  soofuloas  children.*' — Lancet. 


OR.    8TE\A/ARD, 

PBLLOW  OV  THB   EOTAL  COLLSGB  OF  PBYBICIAMS,   BTC. 
I. 

PBACTICAL  NOTES  ON  INSANITY.    Post  Svo.  doth,  4*. 

"Tliose  who  consult  this  work  will  find  many  nduable  reflections  interspersed  throughout  its  paces, 
in  reference  to  the  treatment  and  moral  management  of  the  insane.  We  are  unable  to  follow  the  author 
further,  but  we  cannot  conclude  without  expressing  an  entire  approval  of  the  spirit  in  which  his  remarks 
are  written." — Provineial  Medieai  and  Surgical  Journal. 

XL 

ON  DYSPEPSIA ;  with  Remarks  snbmitted  in  Support  of  the  Opinion, 
that  the  proximate  cause  of  this,  and  of  all  other  Diseases  a£fecting  the  Qeneral  System,  is 
Vitiation  of  the  Blood.    Post  Svo.  cloth,  4t. 


MR.     SMITH. 

FRUITS  AND  FARINAOEA  THE  PROPER  FOOD  OF  MAN; 

being  an  Attempt  to  prove,  fiom  History,  Anatomy,  Physiology,  and  Chemistry,  that  the 
Original,  Natural,  and  Best  Diet  of  Man  is  deriyed  from  the  Vegetable  Kingdom. 
1  Edition.    Foolscap  8vo.,  3«.  M. 


%  Second  E 


J.    STEPHENSON,    M.D.,    Sa  J.    M.    CHURCHILL,    F.L.8. 

;|;   MEDICAL  BOTANY;    OR,  ILLUSTRATIONS  AND  DESORIP-   i 

TIONS  OF  THE  MEDICINAL  PLANTS  OF  THE  PHARMACOPCEIAS;  com- 
prising a  popular  and  scientific  Account  of  Poisonous  Vegetables  indigenous  to  Great 
Britain.  New  Edition,  edited  by  GILBERT  BURNETT,  F.L.S.,  Professor  of  Botany 
in  King^s  College. 

In  three  handsome  royal  8yo.  volumes,  illustrated  by  Two  Hundred  Engravings,  beau- 
tifully drawn  and  coloured  from  nature,  cloth  lettered. 

Reduced  from  £6.  6«.  to  £4. 

"  The  most  complete  and  compreheniive  work  on  Medical  Botanr.^' — PharmaceuHeal  Jauntal, 

"  So  high  ia  our  opinion  of  this  work,  that  we  recommend  every  student  at  colle^,  and  every 
surgeon  who  goes  abroad,  to  have  a  copy,  as  one  of  the  essential  constituents  ci  his  library.'' — 
Dr.  Jok$uon*B  Medtco-Chirurgical  Review. 


-»^-9«>^ 


^^^*" : — r:: "•""^ 


f 


MR.  CHURCHILL  S  PUBLICATIONS. 
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DR.  8TEQQALL. 
students'  books  fob  EXAHINATION. 

L 

A  MANUAL  FOB  THE  USE  OF  STUDENTS  PREPARING  FOR  EXAMINA- 
TION AT  APOTHECARIES'  HALL.    Tenth  Edition.    12mo.  doth,  8».6rf. 

II. 

A  MANUAI  FOR  THE  COLLEGE  OF  SURGEONS;  intended  for  the   Use 

of  Candidates  for  Examination  and  Pzactitionen.  One  thick  Tolnme.  12mo.  doth,  1 2s.  6<i. 

ni. 

GREGORrS  CONSPECTUS  MEDICINE  THEORETICS.    The  First  Part,  con- 

taining  the  Original  Text,  with  an  Ordo  Verhorum,  and  Literal  TnuuUtiaii.      12mo. 
doth,  10s. 

IV. 

THE  FIRST  FOUR  BOOKS  OF  CELSUSj   containing  the  Text^  Ordo  Ver- 

bonim,  and  Translation.    12mo.  doth,  8tf. 

*,*  The  abore  two  works  compriae  the  entire  Latin  Glassies  required  for  KTaminatiwi  at 
Apothecaries'  Hsll. 

V. 

I    A  TEXTBOOK  OF  MATEBIAMEDICA  AND  THERAPEUTICS.  12mo. cloth,  7s. 

^  VI. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex- 
amination AT  THE  PHARMACEUTICAL  SOCIETY.     18mo.  doth,  3«.  M. 


MR.    SAVORY, 

MSMBIB  OF  THB  SOCIBTT  OF  AFOTHKCABIBS,  AUB  PBBSIOBIIT  OF  TBB 
PHABM ACBVTICAL  80CIBTT. 

A  COMPENDIUM  OF  DOMESTIC  MEDICINE,  AND  COMPA- 

NION  TO  THE  MEDICINE  CHEST ;  comprising  Plain  Directions  for  the  Employ- 
ment of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  inddental  to  Infimts  and 
Children,  with  a  Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a  Source 
of  Easy  Reference  for  Clergymen,  and  for  Families  residing  at  a  Distance  from  Profes- 
sional Assistance.    Third  Edition.     l2mo.  doth,  5«. 

"  This  little  work,  divested  as  moch  as  possible  of  tedmical  and  sdentiflc  phraaedogy,  is  intended  for 
the  use  of  travellers,  and  those  humane  characters  who,  residing  at  a  distance  hcaa  a  duly  qualified 
medical  practitioner,  devote  a  portion  of  their  time  to  the  relief  and  mitigation  of  the  complicated  mis- 
fortunes  of  disease  and  poverty  among  their  poor  neighbours.  It  is,  however,  earnestly  recommended 
not  to  place  too  much  confidence  on  bodu  of  domestic  medicine,  especially  in  such  cases  as  are  of  a 
serious  nature,  but  always  to  have  recourse  to  the  advice  of  an  able  physician  as  early  as  it  can  be 
obtained."— fjr^oc^ /rem  Prt/aee. 


MR.    8NELL,    M.R.O.8. 

A  PEACTICAL  GUIDE  TO  OPERATIONS  ON  THE  TEETE 

With  Plates.     Svo.  cloth,  8c. 

"  Those  of  our  readers  who  practise  in  the  department  of  surgery  on  which  Mr.  Sndl*s  essay  treats 
will  find  useful  instructions  on  the  mode  of  extracting  teeth,*'  Ac.— Medical  Chueette. 
"XbJM  is  the  best  practical  manual  for  the  dentist  we  have  seen  in  any  l*fRg<<agf," — Athmtnm. 
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ME.  CHURCHIIili  S  PUBLICATIONS. 


1 


DR.    SHAPTCR. 

THE  CLIMATE  OF  THE  SOUTH  OF  DEVON,  AND  ITS  IN- 

FLUENCE  UPON  HEALTH.  With  short  Accounts  of  Exeter,  Torquay,  Teign- 
moath,  Dawlish,  Exmouth,  Sidmouth,  &c.  Illustrated  with  a  Map  geologically  coloured. 
Post  8to.  cloth,  7«.  6d. 

"  This  yolume  is  hx  more  than  s  guide-book.  It  contsina  much  statistical  infonuation,  with  very 
minute  locsl  details,  that  may  be  advantageously  consulted  by  the  medical  man  before  he  recommends 
any  specific  rendence  in  Devonshire  to  his  patient."— JMeiunun. 

THE  HISTORY  OF  THE  CHOLERA  IN  EXETER  IN  1832. 

Illustrated  with  Map  and  Woodcuts.    8vo.  cloth,  129. 


DR.    ALFRED    TAYLOR,    F.R.8. 
LBCTuaaa  on  msdical  iuaispauDSMca  and  cBBMisTaT  at  gut's  hospital. 


A  MANUAL  OF  MEDICAL  JURISPRUDENCE. 

Foolscap  8to.  cloth,  12s.  6d, 


Third  Edition. 


Poisoning — Wounds —  Infimticide  — Drowning —  Hanging — Strangulation —  Suffocation — 
Lightning — Cold — Starvation — Rape — Pregnancy — Delivery — Birth — Inheritance — Legiti- 
macy— Insanity,  &c.  &c 

"  We  recommend  Mr.  Taylor's  work  ss  the  ablest,  most  comprehensiye,  and,  above  sll,  the  most 
practical  useful  book  which  exists  on  the  subject  of  legsl  medicine.  Anv  man  of  sound  judgment,  who 
nss  mastered  the  contents  of  Taylor's  *  Medical  Jurisprudence.'  may  go  mto  a  Court  of  Law  with  the 
most  perfect  confidence  of  being  able  to  scquit  himself  creditaoly." — MetUco-CMrurgieal  Retfiew. 

**  Mr.  Taylor  possesses  the  happy  srt  of  expressing  himself  on  a  scientific  topic  in  intelligible  Isngu^e. 
The  sise  of  his  if  anusl  fits  it  to  m  a  circuit  compamon.  It  is  one  of  the  most  beautiful  specimens  of 
typography  we  ever  had  the  pleasure — and  it  is  a  pleasure— of  perusing." — Law  Time*. 

IL 

ON    POISONS,   in    relation    to  MEDICAL    JURISPRUDENCE    AND 
MEDICINE.    Foolscap  8vo.  cloth,  12s.  6d, 

"  Mr.  Taylor's  volume  needs  no  praise  of  ours ;  its  extraordinary  cheapness,  its  beautiful  typography, 
its  portability,  all  speak  for  themselves.  We  feel  confident  that  it  will  ere  long  be  the  table-book  of 
every  medical  pracutioner  who  has  the  least  regard  for  his  own  reputation,  and  be  found  in  the  circuit- 
bag  of  the  banister."— i>u6/<n  Medical  Journal. 

**  An  excellent  and  valuable  manual.  We  predict  for  it  a  ver^  favourable  reception  by  the  profession. 
It  contains  all  that  kind  of  information  which  a  medical  man  will  be  glad  to  have  access  to  when  he  has 
the  prospect  uf  appearing  in  the  witness-box."— ^tftntergA  Medical  Journal. 


DR.    TILT. 

ON    DISEASES    OF    MENSTRUATION   AND   OVARIAN 

INFLAMMATION    IN    CONNECTION   WITH    STERILITY  AND  AFFEC- 
TIONS OF  THE  WOMB.    Post  8vo.  cloth,  6s. 

We  recommend  the  work  of  Dr.  Tilt,  both  on  scoonnt  of  the  practical  importance  of  the  subject  on 
which  it  treats,  and  the  lucid  and  logical  manner  in  which  the  novel  doctarines  advanced  in  it  are  deduced 
from  premises  that  are  certainly  xakiexoMblt.**— Lancet. 


5^^—^- 


I 


r*«- i^^^9tt>^ 
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U                                                                     DR.    TUN8TALL.  ♦ 

m                                         * 

THE  BATH  WATEBS ;  their  Use  and  Effects  in  the  Core  and  Belief  of 

variouB  Chronic  DiBeases.    8vo.  doth,  6s.  \ 


MR.   TU80N.    F.R.8. 

SUBGBOM  TO  TBI  MIDDLBIBZ  HOBPITAL. 
I. 

MTOIXKtY.  ninstrated  by  Plates  on  a  Peculiar  Construction;  containing 
the  MuBdes  of  the  Human  Body,  in  Layen,  as  they  appear  on  Dissection.  Second 
Edition.    Large  folio,  3^.  129. 

II. 

A  SUPPLEMENT  TO  MYOLOGY,  Containing  the  Arteries,  Veins, 
Nerves,  and  Lymphatics,  the  Abdominal  and  Thoracic  Viscera,  the  Brain,  the  Ear,  the 
Eye,  &c  &c    Reduced  from  42. 12s.  to  21,  6s. 

m. 

THE  ANATOMY  AND    SUEGERY    OF    INGUINAL    AND 

FEMORAL  HERNIA.     Illustrated  by  Plates  coloured  from  Nature,  and  interspersed 
with  Practical  Remarks.     Large  folio,  reduced  frvm  2/.  28.  to  H.  Is. 

IV. 

THE  CAUSE  AJf D  TEEATMENT  OF  CTJRTATURE  OF  THE 

SPINE,  AND  DISEASES  OF  THE  VERTEBRAL  COLUMN,  with  Cases.    Platen 
8yo.  cloth,  10s. 

V. 

THE    STRUCTURE  AND  FUNCTIONS   OF   THE    FEMALE 

BREAST,  AS  THEY   RELATE    TO  ITS  HEALTH,  DERANGEMENT,   OR 
DISEASE.     8vo.  doth,  IDs.  Sd, 


DR.    TURN  BULL, 

PHTSICIAM  TO  THB   LIYBBPOOL  NOBTBBBH   HOSPITAL. 
I. 

A  TABULAE  VIEW  AND  SYNOPSIS  OF  THE  PHYSICAL 

SIGNS  AND  DIAGNOSIS  OF   THE  DISEASES   OF   THE   LUNGS.    With 

Woodcuts,  mounted  on  doth,  5s.  boards. 

"  TUa  tabular  viewp  affording  a  coup  d'oeil  of  the  Tariooa  auMuItatory  &c.  phenomena  discorerable  ia 

ilth  and  disease,  will  prore  useful  to  ma ^^ "  — ^-j— --  i-  -^«--s-  ^ ^-^^ * 

thoracic  maladies."— Jfetfieo-CAtrwr^'tea/  J 


health  and  dJsiMe,  will  prore  useful  to  many  practitioners,  as  well  as  students,  in  their  investigation  of 


AN  INQUIRY  HOW   FAR  CONSUMPTION  IS  CURABLE; 

WITH  OBSERVATIONS  ON  THE  TREATMENT  AND  ON  THE  USE  OF 
COD-LIVER  OIL  AND  OTHER  REMEDIES.    8vo.  cloth,  4s. 


MR.   TUKE. 

DR  JACOBI  ON  THE  CONSTRUCTION  AND  MANAGEMENT 

OF  HOSPITALS  FOR  THE  INSANE.     Traiulated  from  the  Oeiman.    With  In- 
traduetoiy  Obterratioiu  by  the  Editor.    With  PUtes.    8to.  doU),  9*. 
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MR.  Churchill's  publications. 


DR.    SPENCER    THOMSON. 

TEMPERANCE  AND  TOTAL  ^ABSTINENCE;   OB,  THE  USE 

AND  ABUSE  OF  ALCOHOLIC  LIQUORS  IN  HEALTH  AND  DISEASK 
Beiog  the  Second  Essay  of  the  Temperance  Prise,  and  recommended  for  pablication  by 
the  Adjudicators.     Post  8to.,  2$.  6d. 

II. 

BSITISH  CHOLERA.'  its  Nature  and  Causes  considered  in  connection 

with  Sanitary  Improvement,  and  in  comparison  with  Asiatic  Cholera.    Post  8vo.  cloth.  As, 

**  The  work  is  senaible  and  well  written,  and  bean  on  every  page  the  results  of  a  personal  investigation 
of  the  safciiect  under  treatment." — Lancet. 


DR.    UNDERWOOD. 

TREATISE  ON  THE  DISEASES  OF  CHILDREN.    Tenth  Edition, 

with  Additions  and  Corrections  by  HENRY  DAVIES,  M.D.     8yo.  cloth,  15«. 


TESTIGES  OF  THE  NATMAL  HISTORY  OF  CREATION. 

Peopled  Edition.     Foolscap  8yo.  sewed.  29.  6d, 

BY  THB  SAMB  AUTHOR. 

EXPLANATIONS:  A  SEQUEL  TO  "YESTIGES." 

Second  Edition.     Post  8to.  cloth,  6a. 


MR.     >A/ALKER. 

INTERMARRIAGE;  OR,  THE  NATURAL  LAWS  BY  WHICH 

BEAUTY,  HEALTH,  AND  INTELLECT  RESULT  FROM  CERTAIN 
UNIONS,  AND  DEFORMITY,  DISEASE,  AND  INSANITY  FROM 
OTHERS.  With  Delineations  of  the  Functions  and  Capacities  which  each  Parent 
bestows  on  Children^  and  an  Account  of  Corresponding  Effiscts  in  the  Breeding  of 
Animals.     With  Plates.     Second  Edition.     Bvo.  cloth,  14«. 

DR.     WALLER, 

LBCTVmSB  ON   MIDWirSBT   AT  ST.  THOMASES   HOSPITAL. 

A  PRACTICAL  TREATISE  ON  THE  FUNCTION  AND  DIS- 

EASES  OF  THE  UNIMPREGNATED  WOMB.  With  a  Chapter  on  Leucorrhoea, 
Fluor  Albus,  or  Weakness.     Illustrated  by  Plates.     Bvo.  cloth,  9s. 


DR.    8ETH    B.   WATSON. 

THE  CHOLERA  AT  MALTA  IN  183T.  From  the  Italian  of 
Dr.  Stilon.  To  which  is  prefixed,  a  LETTER  from  SIR  JOHN  STODDART,  LL.D., 
then  Chief  Justice  at  Malta.     18mo.  cloth,  price  5s. 


DR.    WRIQHT, 

FRTSICIAN  TO  aUBBM'S  BOSriTAL,  BIBMINGHAM. 

PATHOLOGICAL  RESEARCHES  ON  DEATH  FROM  SUFFO- 

t  CATION  AND  FROM  SYNCOPE,  AND  ON  VITAL  AND  POST-MORTEM 
BURNING :   suggested  by  the  Case  of  the  alleged  Bridgnorth  Matricide.    4to.  with 
plates,  3s.  6d, 
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ERASMUS    WILSON,    F.R.S. 


THE  ANATOMIST'S  VADE-MECUM:  A  SYSTEM  OF  HUMAN 

ANATOMY.     With  numerous  lUuBtrationB  on  Wood.    Fourth  Edition.    Foolscap  Bvo. 
cloth,  12».  6d. 

"  Aa  a  satis&ctorf  proof  that  the  praise  we  bestowed  on  the  first  edition  of  this  wort:  was  not 
unmerited,  we  ma^  ooserve  it  has  been  equally  well  thought  of  in  foreign  countries,  baring  been 
reprinted  in  the  United  States  and  in  Germany.  In  erenr  respect,  this  work,  as  an  anstmnicafcl  gvide 
for  the  student  and  the  practitioner,  merits  our  warmest  and  most  decided  praise.*'— Jfeifico/  O^^ett^ 


DISEASES  OF  THE  SKIN:  A  Practical  and  Theoretical  Treatise  on 
the  DIAGNOSIS,  PATHOLOGY,  and  TREATMENT  OF  CUTANEOUS  DIS- 
EASES, arranged  according  to  a  Natural  STstem  of  Classification,  and  preceded  by  an 
Outline  of  the  Anatomy  and  Physiology  of  the  Skin.    Second  Edition.    8?o.  cloth,   12s. 

Thb  samb  Work  ;  illustrated  with  Eight  finely-executed  EngiaTings  on  Steel,  aocoiately 
coloured.     8vo.  cloth,  2Ss. 

"  The  work  is  very  considerably  improved  in  the  present  edition,  and  is,  for  the  first  time,  illnstnted 
with  plates.    Of  these  plates  it  is  impossible  to  speak  too  highly.    The  representations  of  the  Tarioua 
A       forms  of  cutaneous  disease  are  sinsularlT  accurate,  and  the  colouring  exceeds  slmost  anything  we  hare 
^  *      met  with  in  point  of  delicacy  and  finish.*'— Bri/isA  and  Foreign  Medical  Retfiew. 


Z 


HFiALTlll    SKIN  .*  a  Treatise  on  the  Management  of  the  Skin  and  Hair 
in  relation  to  Health.     Third  Edition.     Foolscap  8yo.  2s.  6d. 

'I  The  student  will  be  delighted  to  find  his  labours  so  much  fsdlitated;  and  a  few  hours  of  agreeable 
society  with  a  most  pleasantly>written  book  will  do  more  to  make  him  acquainted  with  a  class  of  obscure 
diseases  than  all  that  has  been  previously  written  on  the  subject."— Lonoe/. 


ON  EINGWORM,  ITS  CAUSES,  PATHOLOGY,  AND  TREAT- 

MENT.     Illustrated  with  a  Steel  Plate.    Post  8vo.  doth,  5«. 


PORTRAITS  OF  DISEASES  OF  THE  SKIN.    FoKo.  Faadcnii  L 

to  VII.    Containing  Four  highly-finished  Coloured  Pktes.     20s.  each. 

"  May  be  truly  desisted  a  splendid  performance,  surpassing,  in  the  artistic  beauty  of  its  deUnea- 
tions,  and  fiilly  equalling  in  their  fidelity  to  nature,  any  thing  which  has  yet  been  brought  out  in  this 
country  or  on  the  continent.  We  can  scarcely  speak  too  strongly  of  the  merits  of  this  work."— BrittsA 
and  Foreign  Medical  Review. 

**  The  drawings  appear  to  us  to  be  executed  with  great  care,  and  admirably  fitted  to  assist  diagnosii, 
and  to  familiarise  the  practitioner  with  the  special  characters  of  diseases  of  the  skin." — Medical  Cfagette. 

**  We  have  never  before  seen  a  work  more  beautifolly  got  up,  both  as  regards  the  typogr^hy  snd  the 
execution  and  colouring  of  the  plates.  Even  Alibert's  grand  work  sinks  into  the  shade  wh^  placed  by 
the  side  of  that  of  Mr.  Wilson's.*'— Lancet. 
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THE  LONDON  GEOLOGICAL  JOURNAL,  AND  RECORD  OF   % 

DISCOVERIES  IN  BRITISH  AND  FOREIGN  PALffiONTOLOGY.    Ulusttated     * 
with  nameroDS  Plates.    Ro;al  8vo.  3t.  6d.    Nos.  I.,  II.,  and  III. 
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DR.    VVILLIAM8,    F.R.8. 

PKOVBStOS  OF  TBB  PBACTICB  OP  MBDICINB,   UNiyBBSITY  COLLBOB,   LONDON. 

PRINCIPLES  OF  MEDICINE ;  comprehending  General  Pathology  and 
Therapeutics.    Second  Edition.    8to.  clotli,  14«. 

"  TliBiiks  are  due  to  Dr.  Williama  tar  publiahing  a  work  like  the  preaent :  to  the  student  of  medicine, 
■ineerely  anzioiu  to  study  and  understand  the  great  principles  of  the  icienoe,  he  has  rendered  a  very 
weful  serrice ;  while  the  practitioner  will  be  all  the  better  for  haTing  his  knowledge  made  dear,  orderly, 
and  precise  by  the  aid  of  a  work  like  the  present' ' — Edinburgh  Medieal  Journal. 

"  We  bail  its  appearance,  not  only  on  account  of  the  value  we  are  ready  to  attach  to  any  production 
from  the  pen  of  its  accomplished  author,  but  also  as  the  indication  of  a  vast  improvement  m  medical 
teaching,  which  must  operate  most  favourably,  at  no  distant  date,  on  medical  practice.  The  detailed 
examination  on  which  we  now  enter  will  show  that  our  anticipations  are  not  too  high  and  that  the 
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